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Cnoco6 4>opMOBaHiifi TepMormacTMHHoro nonuMepHoro MaTepwa/ia, 
ycTpowcTBO nnn ero ocymecTBneHiifl m cocTaB TepMonnacTMMHoro, 

noriMMepHoro MaTepuana 

5 3aflBn^ewibie cnocoS, ycTpowcTBo &ri9\ cfcopMOBaHi/ia TepMonnacTMHHoro 

noriMMepHoro MaTepwana m cocTaB TepMonnacTWMHoro noriMMepHoro wiaTepwana 
c BapwaHTaMM peani/i3ai4Mi/i TexHi/mecKi/ix npeAiioweHi/ifi, othoc*tc* k TexHonorww 
(£opMOBaHMfl TepMonnacTMMHoro nonwMepHoro MaTepwana, Hanpwwiep, k 

MH>K8KI4MOHHOMy CflOpMOBaHMO M CjDOpMOBaHMK) 3KCTpy3MeM. IlpeMMymeCTBBHHO 

10 npeAnaraewioe TexHi/mecKoe peweHi/ie othocmtch k 3Kcrpy3Mw nofiwonecjMHOB, b 

MaCTHOCTM, nOJlMSTM/ieHa, H MO>KeT 6blTb t4CnOJ1b30BaHO npM M3rOTOBJieHMM 

nonwwiepHoro npocfri/irm, i/i3ormpyK)Luero noKpbm/ia Ha sneKTpi/mecKOM Ka6ene, 
nonuiMepHoro BonoKHa, nojiMMepHofi Tpy6bi w noni/iMepHOti nneHKM, nonyMaeMOM 
pa3flyBaHMeiw Tpy6bi. 

is rioriMMepbi, M3roTOBneHHbie c wcnonb30BaHweM MeTannoueHOBbix 

KaTa/insaropoB, xapaKTepi/i3yK>TC* y3KWM pacnpeAeneHwewi MoneKyrmpHoro Beca 
nonwMepHbix qenew w noBbitueHHOM npoMHocrrbK), ho npi/i o6bHHbix b 1/iHAycrpi/iw 
CKopocT^x nepepa6oTKw 3KCTpy3wew npwo6peTaioT uiepoxoBaTOCTb, M3BecTHyio 
KaK "aKynb* KOKa" i/mvi "3Mei/iHa* Kowa", "Apo6neHwe pacnnaBa". no*BneHwe 

20 fleece ktob Ha noBepxHocTM maenwiA orpaHi/NWBaeT CKopocTb nepepa6oTKi/t 
nnacTMKOB. Haw6onee pacnpocTpaHeHHbiM b MHflycTpuM nnacTMKOM flBJiflercfl 
nonn3TwneH. noni/i3TwieH, nonynaeMbM Ha MeTarmoueHOBbix KaTanui3aTopax, 
BbiTecH^eT o6biMHbiw nMHewHbiM noni/i3Ti/ineH HM3KOM nnoTHOCTM Ha pbiHKe nneHOK. 
nojiMSTMneH Mcnonb3yeTC* b ochobhom pj\a npow3BOflCTBa nneHKw (okojio 60% 

25 ot o6mero 06-bewia) MeTOflOM 3Kcrpy3Mi/i w pa3AyBaHi/m Tpy6bi. npi/i 3KCTpy3WM 
nojiMSTwneHa c y3KWM pacnpeAeneHi/iewi MoneKynapHoro Beca y>Ke npvi 
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He60J1bLUWX CKOpOCTflX 3KCTpy3MM (OKOJIO 10 MM/ceK) FlOBepXHOCTb Tpy6bl 

npwo6peTaeT wepoxoBaTOCTb, a ncxnywaeMa* pa3flyeaHi4eM xpy6bi TOHKaa nneHKa 
MMeeT noHM>KeHHbiui 6necK Ha orpaweHi/ie m paccewBaeT npoxoAflmi/iw m otp a>fce h h bi m 
cBeT, hto CHM>KaeT noTpe6wTenbCKoe K3M8ctbo npoflyicra. 

Hcnonb30BaHwe flo6aBOK cfnropi/ipoBaHHbix yrneBOAopoAOB b nonwMepHbiw MaTepwan 
An* yiweHbLueHMfl wepoxoBaTOCTi/i noBepxHoc™ npoAYKTa m yMeHbiueHW* 
3arpa3HeHMfl wiyHALUTyKa n3BecTHO c 60-x toaob (cm. S. E. Amos, et. al M "Polymer 
Processing Aids", b KHi/ire "Plastics Additives Hand- book", H. Zweifel, Ed., 5th Edition, 
HANZER, Munich, 2001, pp. 553 - 585). 3™ Ao6aBKM oca>KAaK)TCfl Ha noBepxHoc™ 
ycrpowcTB f\na 4>opMOBaHMfl m o6ecnem/iBaioT cwja3Ky stow noBepxHoc™. Hanpwwiep, 
b naTeHTe CLUA No.4,707,517 noKa3aHo, hto 3KCTpy3M* cwiecew onacroMepoB c 
Ao6aBKaMw ot 0,002 ao 2 Bee. % ctrropwpoBaHHbix yrneBOAopoAOB co cTpyicrypOM 
noni/iMepHoifi ueni/i (CF 2 -CH 2 )n -(CF 2 -CF.CF 3 )m , me n/m - cocTaB/ifieT okojio 7/3, m c 
TeMneparypoii pa3MflrMeHi/m Me>KAy 100°C i/i 300°C no3BOJiaeT nonynaTb 

6e3 Aec|)e KTH bl \A npOAyKT Ha nOBblLUeHHblX CKOpOCTflX 3KCTpy3MM. 

Ana i/icnoJib30BaHi/ifl b KanecTBe Ao6aBOK, cHi/iwajoiUHX ujepoxosaTocTb npoAyicra Ha 
pwHKe AOCTynHbi cneAyioiiiMe cfcTopwpoBaHHbie nonwMepbi: "Viton® FreeFlow™" 
DuPont (cm. httD://www.dupont-dow.com/Droducts/vitonff/vitonff.asp) t "DYNAMAR" 
Dyneon (3M) (cm. http://cms.3m.com/) . "KYNAR" Atofina Chemicals (cm. 
http://www.AtofinaChemicals.com) flpw i/icnonb30BaHMM 3tmx Ao6aBOK b KonwHecTBe 
6onee 0,04 Bee. % bo3Mo>kho yBeni/mviTb CKopocrb 3KCTpy3nw noni/i3Ti/ineHa b ABa - 
MeTbipe pa3a 6e3 noflBneHMfl uiepoxoBaTOCTM noBepxHOcrw npoAYKTa. H3BecTHO 
wcnojib30BaHne Ao6aBOK am-6jiok cononuiMepoB PTFE m aKpi/moBbix noni/iMepoB c 
ToproBOM MapKOM "METABLEN - A" a^ wcnonb30BaHwa npw nepepa6oTKe 
nonwonecfcviHOB (cm. http://www.mrc.co.jp/english/metablen e/all.html/) . 

06o6ma* aHajiM3 aHanoroB npeAnaraeMoro TexH i/mecKoro peuieHM*, 

CBH3aHHb!X C WCnOJlb30BaHI/ieM CjDTOpMpOBaHHblX nOHMMepOB, MO>KHO OTMeTMTb, HTO MX 

HeAOCTaTKOM HBJifjeTca AoporoBW3Ha cfrropuipoBaHHbix nonuiMepoB, a tbk we 
HeAOCTaTOMHaa creneHb yBenumeHt/m ckopoctw 6e3Aect>eicrHOM 3KCTpy3i/iM. 

flononHMTeribHO, npwcyTCTBi/ie (Jrropi/ipoBaHHbix noni/iMepoB b nneHKe 3aTpyAH*eT 
CBapKy noriMOTwrieHa npi/i w3roTOBneHHM ynaKOBKM. 
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ripoMbiiujieHHOCTb Mcnonb3yeT cwiecw nonwMepoB c aHTi/ioKCMflaHTaMi/i, 
CTaSMnwaaTopaMM, Ao6aBKawiM ana yMeHbweHMfl CTaTMMecKoro sneicrpMHecTBa, 
opraHMMecKMMM m HeopraHMMecKMMM HanonHMTen^MM, KpacMTermMM, 
nnacTn4>MKaTopaMM, Ao6aBKaMM, npeAOTBpamaromMMM cnnnaHwe nonMiwepHbix 
5 M3fle.ni/fM, HanpMMep nojiMMepHOM nneHKM (aHTM6noKOBbie flo6aBKM), flo6aBKaMM, 
ynyMinaiomMMM nepepa6oTKy nonMMepoB, HanpMMep Macna m t.a. Ilpw 3KCTpy3MM 
nnacTMKOB c HanonHMTen^MM npoMcxoflMT 6biCTpbiM yHoc tohkmx m TeKyMMx noKpbiTMM 

CM33KM Ha nOBepXHOCTM MeTaJIJia a6pa3MBHblMM HaCTMMKaMM. CKOpOCTb OCa>KfleHMf? 
CMa30MHblX nOKpblTMM M3 Cfc)TOpMpOBaHHblX nOJIMMepOB npM 3T0M MO>KeT 6blTb MeHblUe 

10 ckopoctm mx yHOca fla>Ke npM coflep>KaHMM flo6aBOK 6onee 2 Bee %, mto 
HenpMeMneMo b npoMbiiuneHHOM npoM3BOflCTBe. 

B npoMbiiiineHHocTM o6pa6oTKM nnacTMKOB cymecTByeT 3HaMMTenbHa* noTpe6HOCTb b 
OTHOCMTenbHO HefloporMX floSaBKax, o6ecneHMBaiomMX nonyneHMe npoAyicra 6e3 
yxyAUieHM^ ero MexaHMMecKMX mhm opraHonenTMHecKMX cbomctb. Oco6eHHO sto 

is aicryanbHO pj\a nonyMeHM* nneHOK M3 nonMonecfDMHOB, CMecetf m/mjim cononMMepoB 
nonMOJiecjDMHOB m anacTOMepoB. CMHMKOHbi m CMJiMKOHOBbie KayMyKM - 3TO HeAoporMe 
m uiMpoKO AQCTynHbie XMMMHecKMe BemecTBa c ujmpokmm Awana30HOM bh3koctm. 
Hcnonb30BaHMe cmjimkohob m CMJiMKOHOBbix anacTOMepoB b nepepa6oTKe nnacTMKOB 
xopowo M3BecTHO. B naTeHTax CULIA NsNq 4,692,379, 6,472,077 m 6,593,400 

20 npeAno>KeHO Mcnonb30BaTb nonMCMJioKcaHbi b KaMecrBe a htm 6n o ko b bix Ao6aBOK pj\a 
npeAOTBpaineHMfl cnMnaHM* nonMMepHOfi nneHKM. HanpMMep, b onMcaHMM k naTeHTy 
ClilA Nq 4,769,418 6bino npeflno>KeHO Mcnonb30BaHMe MacrMui HennaBameroc* 
CMJiMKOHOBoro nonMMepa pa3Mepowi ot 0,5 ao 7 mmkpoh pj\n npeAOTBpameHMfl 
cnMnaHMfl nojiMMepHOM nneHKM (aHTM6noKOBbie Ao6aBKM) m b KanecTBe Ao6aBOK, 

25 no3BonflK)U4MX nonyMMTb 6e3Aect)eKTHyK) noBepxHocTb npM noBbiiueHHbix CKopocrax 
3Kcrpy3MM. KowinaHM^ Dow Corning (cm. http://vwvw.dowcornina.com/con tent/plastics/ 
plassilox/) npoM3BOflMT TaKMe nopowKM pj\n Ao6aBOK b CMecM nonMMepoB b 
KonMMecTBe ot 0,1 ao 40 Bee. %. Ana yMeHbtueHMfl Apo6neHM* pacnnaBa jiMHeMHoro 
noriMSTMJieHa hm3kom nnoTHOCTM (LLDPE) npeA^araeTC* Mcnonb30BaHMe Ao6aBKM ot 

30 0,2 ao 10 Bee. % cycneH3MM nopouiKa b LLDPE c Ha3BaHMeM "DOW CORNING® 
MB50-313 MASTERBATCH", coAepwamero 50 Bee. % CMnoKcaHOB. Rnn 
Mcnonb30BaHM« b KanecTBe floSaBOK AocrrynHbi HennaBHinMecfi (cujMTbie) 
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nonncMJioKcaHbi b BMfle nopoujKa ccpepMHecwx HacTi/iu c pa3wiepowi ot 2 ao 6 mkm 
noflwiapKofi "Tospearl" ot KOMnaHww GE Silicones (cm. http://www.flesilicones.com/ 
silicones/americas/business/DOrtfolio/resins/w orkshoDs/tospearl.shtmn. 

M3BecTHbi TexHMMecKMe peiueHMJi (cm naTeHTbi CLJJA NeNs 4,500,688, 
6,281,286, 5,648,426, 6,013,715 m 4,970,263), oni/icbiBaiomwe TepMonnacTMMHbie 
cMecw c pearnpyioiMMMM KOMnoHem-aMi/i ci/muwoHOBOft pe3MHbi npw coAepwaHMM 
anac-roMepa ot 1 ao 60 Bee. % ot o6mero seca TepMonnacTMMHoCi CMecw. nocne 
(popMOBaHMH MSAenwPi m ramx CMecew anacroMepbi BymaHMSwpyiOT una nojiyqeHws 
TpexMepHofi CTpyicrypbi W3 pe3MHbi b TepMonnacTMMHoCi MaTpwue. BBeAeHwe 
cmhmkohob b TepMonnacTMMHbie CMecw o6nerMaeT oTAe/ieHwe mflenvia ot npecc- 
(jDopwibi m yMeHbmaeT a6pa3MBHbiCi M3HOC ia 3arp*3HeHwe noBepxHOcrw v\zp,emv\. 

B onwcaHwax k naTeHTaM CLUA NeNa 4,535,113 m 4,857,593 6bmo npeAnoweHO 
McnonbsoBaTb Ao6aBKM nonwcwiOKcaHOB c nonapHbiMM rpynnaMi/i pf\a ynymueHvia 
MexaHMMecKMX m onTMMecKMX xapaKTepucTMK nneHKMH3 nonwonecpMHOB. B onwcaHMM k 
naTeHTy ClilA Na 4,925,890 6bino npeAno>KeHO i/icnoiib30BaTb opraHoewnoKcaHbt co 
crpyicrypotfi nwHefiHoro am-6/iok conoxinMepa b K0M6nHaunM c opraHocpoccfropHbiMi/i 
coeAMHeHMfiMM. B onwcaHi/iw k eBponeficKOMy naTeHTy Na 722 981 npeAnoweHO 
wcnonb30BaTb b KaqecTse ao63bok AwopraHoci/moKcaH c MoneKynapHbiM BecoM 6onee 
10 000 a.e., coAepwamwi* ruAPOKcwn- rpynnw. B onwcaHW/t k naTeHTy CLUA Na 
5,789,473 npeAno>KeHO wcnonb30BaTb b KanecTBe Ao6aBOK am-6jiok cononwMep 
opraHOCMJioKcaHa c MonetcyrwpHbiM BecoM 6onee 40 000 w, c no Kpa&Hew wepe, 
OAHOfi ruflpoKCMJi- rpynnoPi. B onwcaHi/ii/i k naTeHTy CUJA Na 6,013,217 npeAno^eHo 
McnonbsoBaTb b cnyMae MyHAWTyKa c HMKeneBbiM noKpbrmeM noBepxHOCTW ao63bkm 
opraHo4)occpopHbix coeAWHeHi/ifi m Ao6aBKW AMopraHocwnoKcaHa c MoneKynapHbiM 
BecoM 6onee 10 000 m, no KpafiHew Mepe, c oahoA rwAPOKCM/i - rpynnow. 

06o6maa aHanw3 aHanoroB npeAnaraeMoro TexHMMecKoro peiiieHi/ia, 
cBflsaHHbix c ncnofibSOBaHweM b KaMecTBe Ao6aBOK noni/ici/moKcaHOB Ana CHVDKeHi/ia 
luepoxoBaTOCTM npoAy»cTa, mojkho oTMeTi/rrb, mto npeAnaraeMbie Ana wcno/ibsoBaHM* 
b KaMecTBe CM33KM coeAMHeHwa o6ecneMMBaioT HeAocraTOMHoe yBenwMeHMe cKopocTW 

6e3Ae<peKTHOM 3KCTpy3MM. 

M3BecTHbi TexHMMecKwe peiueHwa, b kotopux npeAJioweHO ncnorib30BaTb 
Ao6aBKM HeByriKaHMSwpoBaHHbix cpTopupoBaHHbix anacTOMepos. B oni/icaHww k 
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naTeHTy CLUA Ns 3,125,547 pacKpbiTO, mto npw 3KCTpy3MM nojiwonecpuHOB Ao6aBKM ot 
0,005 flo 2 Bee. % cpTopupoBaHHbix anacTowiepoB c TewmepaTypofi nnaBJieHwa wie>KAy 
120°C m 300°C, ho He Bbiiue, Mewi TewinepaTypa cpopwioBaHw* nonwwepHoro 
wiaTepwana, no3BOJiaeT nonyMaTb 6e3AecpeKTHbiw npoAyior npi/i 6onee BbicoKofi 
CKopocTM 3KCTpy3MM. B onwcaHMW k naTeHTy CLUA Na 4,555,543 onwcaHO 
wcnonb30BaHwe HeByjiKaHM3wpoBaHHoro cpTopwpoBaHHoro anacToiwepa - cononMiwepa 
TeTpacpnroopoaTMneHa c nepcpnraopo-anKunacpuipoM b KasecTBe ao6aBOK aha 
yjiyMiueHMfl KaMecrea TecpfiOHOBoro (PTFE) noKpbiTM*. B naTeHTe CLUA Ns 5,051 ,479 
onwcaH cnoco6 cpopwiOBaHMfl, BKntOMaioiMwei CMeuiMBaHne Ao6aBOK 
HeBy/iKaHM3wpoBaHHbix anacTOwiepoB - cononi/iwiepa TeTpacpmoopoaTwneHa c 
nepcpJiKDopo-anKunBUHM/iacpupoM c TepMonnacTi/iMHbiwi nonnMepHbiiw wiaTepwanoM b 
KO/iMHecTBe ot 0,05 ao 0,5 Bee. %, HarpeB ao nnaBJieHiia v\ 3KCTpy3MK> nonwwiepHoro 
MaTepnana. 

Haw6o/iee 6jim3Kmm k npeAfiaraeMoiwy TexHt/iMecKOiwy peweHMio ABnaeTC* 
onwcaHHbiCi b naTeHTe CLUA Na 5,089,200 cnoco6 3Kcrpy3MM pacnnaBa noxiMwiepa c 
Ao6aBKawiM cpTopwpoBaHHoro nonMMepa Mepe3 wiyHAUJTyK, noBepxHOCTb KOToporo 
noKpbrra cnoewi, coAepwaLAMM oawh iajim 6onee okcwaob wieTannoB M3 rpynnw: Ti, Zr, 
Cr, Fe, Ni, Pd, Pt, Cu, Ag, Au, Al, Si, npwMewi cpTopupoBaHHbifi nonwiwep 
xapaicrepM3yeTCJi noBbitueHHoft aAresnew k aTowiy OKCWAHOiwy noKpbiTMio. B MacrHowi 
c/iyMae peaxiw3auMM b KaMecree cpTopwpoBaHHoro nonwviepa i/icnojib3yeTca 
HeBynKaHM3wpoBaHHbiM cpTopi/ipoBaHHbifi anacTowiep. YBennMeHwe aAre3WW cnoa 
cwia3KM k noBepxHOCTM no3BO/iaeT ywieHbwi/iTb CKopocTb yHoea cwia3KM pacnnaBOM 
nonwMepHoro MaTepwana. 

B onucaHnw 3Toro naTeHTa noAPODHO i/i3JiaraeTCfl KOHcrpyKUMn wiyHALirryKa, 
xapaKrepM3yeMayi Tewi, mto wiyHAUJTyK wwieeT noupbiTwe, coAepwamee oKCMAbi 
wieTannoB m yKa3aHHofi Bbiiue rpynnw. npwBOA*Tca npi/iwiepw HaHeceHvm okmchoto 
noKpbiTMfl Ha noBepxHOCTb MeTajina. 

B onwcaHMM 3Toro naTeHTa noAPo6HO M3naraeTca xi/iMWMecxafl crpyicrypa 
Ao6aBOK cpTopupoBaHHbix nonnwiepoB m cpTopwpoBaHHbix anacTowiepoB, coAep>Kami/ix 
nonnpHbie rpynnw m cnoco6Hbix xwviwMecKM pearwposaTb mjim cpM3MMecKW 
npwcoeAMHflTbCJi k noBepxHocro OKMCHoro noKpbiTun, a wwieHHo: -COF, -SO3M, - 
OS0 3 M, -OH, -COOM, rAe M - boaopoa, K3TW0H mejiOMHoro wieTanna mjii/i iotmoh 
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awiMOHi/m, -S0 2 F, -S0 2 CI, -COOR, rAe R - amain paAMKan c kojti mm ecTBO m aTOMOB 
ymepofla flo 3. B MacTHocrw noKa3aHO, mto yBe/iMMeHne 6e3Aecf}eicTHotfi ckopoctm 
3KCTpy3MM o6ecneHMBaK)T cjDTopwpoBaHHbie nofiMwiepbi v\ c^TopwpoBaHHbie 
snacTOwiepbi, o6pa6oTaHHbie HeopraHWMecKMMw nepoKcwAaMM i/i MMeiomne KOHLjeBbie 
5 nonapHbie rpynnbi -COOH v\nv\ -COF. B onwcaHWM naTeHTa noApo6HO i/i3naraeTC* 
cocTaB nonnwiepHOM civiecw, coflep>KaineM nom/iMep mjim cononwMep onecfcMHOB, 
Ao6aBKM ct>TopwpoBaHHbix nonnwiepoB m HanonHi/rrenb. OAHaKO b onucam/in k naTeHTy 
Her yKa3aHMM t KaK ynpyrne CBOMCTBa MaTepwana Ao6aBOK BnwaiOT Ha KaMecTBO 

C|30pMyeMblX M3Ae^MM. 

10 06o6u4afl aHani/13 aHanoroB npeAnaraeMoro TexHMMecKoro peweHi/m, 

CB*3aHHbix c Mcnonb30BaHMeM b KaMecTBe Ao6aBOK HeBynKaHi/i3wpoBaHHbix 
cjDTopwpoBaHHbix anacTOMepoB, mo>kho OTMeTi/rrb, mto i/icnonb30BaHi/ie stmx Ao6aBOK 
He npwBOAWT k HaHeceHMio ynpyroro noKpbrrwfl Ha noBepxHOCTb MyHAurryica. 
HeAOCTaTKOM stmx TexHMHecKwx peuieHMM flBJif?eTCP h e ao craTOM h aa crreneHb 

15 yBerMHeHI/lfl CKOpOCTM 6e3Aec}DeKTHOM 3KCTpy3MM. 

06o6maa aHanw3 Bcex aHanoroB npeAnaraewioro TexHMMecKoro peweHi/ifl, 
mo>kho OTMeTMTb, hto ao HacTOflmero BpewieHM He M3BecTHbi cnoco6bi, n03BOnflKDLAMe 
3H3MMTenbHO yBeni/iMMTb CKopocTb 6e3Ae<t>eKTHOi4 3KCTpy3MM, b oco6eHHOCTM npn 
3KCTpy3MH nonnwiepoB, coAep>KaLi4MX TBepAbie a6pa3MBHbie Macrwubi. Hew3BecrHbi 
20 TaioKe cocTaBbi Ao6aBOK, KOTopbie Momw 6bi 6biTb uicnorib30BaHbi ana yBenwHeHM^ 
6e3Aec|DeKTHOM ckopoctm 3KCTpy3MM i/i OAHOBpewieHHO He yxyALuaiiw 6bi KaMecrBO 
npoAyicra. 

3aflBnjReMbie TexHUMecKwe peuieHMfl HanpaBJieHbi Ha yBenwMeHwe ckopoctm 
6e3Ae4)eKTHOM 3KCTpy3MM. flpyrnwiw pe3ynbTaTawiM npeAnaraewibix TexHMMecKMX 

25 peiueHMM ABnaiOTCfl: yAeuieBneHwe wcnonb3yeMbix Ao6aBOK, cHMweHMe Ko/ii/mecTBa 
Ao6aBOK npw 3Kcrpy3i/iw pacnnaBOB nonnMepHoro MaTepnana c HanonHi/rrermMi/i, 
ynpomeHwe KOHCTpyKLiww o6opyAOBaHM* Ana (fcopMOBaHwa pacnnaBOB nonnMepHbix 
MaTepnanoB, skohommh 3Hepn/iM, Heo6xoAMMOui nna cjDopMOBaHMfl, ynyMUjeHwe 
BHeujHero ei/iAa m MexaHMsecKnx xapaKTepwcTMK nonyMaen/ibix npoAyKTOB. 

30 YKa3aHHbiM pe3ynbTaT AOCTi/iraeTC* Tewi, mto cnoco6 (fcopwioBaHMfl 

TepMormacTWMHoro nonuiMepHoro MaTepwana BKniOMaeT BbiAaBnuBaHwe pacnnaBa 
TepwionnacTHMHoro nonwMepHoro MaTepwana c Ao6aBKawin snacroiviepoB Mepe3 
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ycrpoCicTBO aha qbopMOBaHMH TepMonnacTMHHoro noni/iwiepHoro MaTepwana, m 
co3AaHne b npouecce BbiAaBJiMBaHMa ynpyroro noKpbiTwn, no Kpatfmew wiepe, Ha Mac™ 
noBepxHOCTM ycTpoficTBa, HaxoA*mei<ica b KOHTaiae c pacnnaBOM. 

YKa3aHHbifi pe3ynbTaT AOcrwraeTca TaioKe Tewi, mto co3AaHwe ynpyroro 
noKpbiTun ocymecTBJifltoT, no KpaJiHePi rwepe, Ha Mac™ noBepxHocrw ycrpoficTBa pjw 
cpopwioBaHMfl, npuMbiKaromew k bwxoaY M3 cpopwiyioiAero ycTpoCicTBa, i/i c atimhoCi He 
MeHbiue 10% ot ujwpMHbi 3a3opa Ana cpopMOBaHi/ia nonnwiepHoro wiaTepwana. 

YKa3aHHbifi pe3ynbTaT AocTwraeTca TaioKe Tewi, mto Ao6aBKM anacTowiepoB 
bhoc*t b cpopwiyeMbiw nonnwiepHbiM wiaTepwan b KonnnecTBe ot 0,001 ao 10 Bee. %. 

yi<a3aHHbi0i pe3y/ibTaT AOCTwraeTC* TaioKe Teivi, mto Ao6aBKi/i anacTowiepa 
BHOcaT b npouecce cpopwioBaHwa oahoto TepMonnacTMMHoro nonnwiepHoro 
wiaTepwana c Ao6aBKaMM onacTOMepoB ot 0,01 ao 10 Bee. %, a saTewi npoi/i3BOA*T 
cpopMOBaHMe Apyroro TepMonnacTMMHoro nonnwiepHoro wiaTepwa/ia c Ao6aBK3MM 
anaeroMepoB ot 0,001 pp 1 Bee. % wni/i 6e3 Ao6aBOK. 

yKasaHHbi* pesynbTaT AOCTwraeTca Taione Teivi, mto cosAaHMe ynpyroro 
noKpbiTMfl ocymecTBnflioT nyrcM oca>KAeHwa Ao6aBOK anacTOiwepoB m pacnnaBa 
cpopwiyewioro TepMonnacTMMHoro noni/iMepnoro wiaTepi/iana m mx BynKaHMsaunn. 

yKasaHHbiw pesynbTaT AOCTi/iraeTc* TaioKe Tewi, mto cosAaHwe ynpyroro 
noxpbrn/i* ocymecTBnnioT nyrewi oca>KAeHiifl £o6aBOK anacTOMepoB M3 pacnnaBa 
20 cpopwiyeMoro TepMonnacTMMHoro nonwuepHoro wiaTepwana, a b KaMecrBe 
anacTowiepoB uicnonb3yiOT TepwionnacTMMHbie anacrowiepbi. 

yKasaHHbiw pesynbTaT AocrwraeTca TaioKe Tewi, mto b KaMecTBe 
TepMonnacTMMHbix anacTowiepoB wcnonbsyioT snacroMepbi c TewinepaTypoti 
CTeKnoBaHi/m HM>Ke TewinepaTypbi cpopMOsaHvm TepMonnacTMMHoro noni/wepHoro 
wiaTepwana m c wianow aAresnew k cpopwiyewiowiy TepwionnacTi/iMHOWiy noni/iwiepHOwiy 
wiaTepi/iany. 

yKasaHHbiw pesynbTaT AOCTwraeTca TaioKe Tewi, mto anacrowiepbi Bbi6wpaioT m 
rpynnbi anacrowiepoB, cnoco6Hbix k ByjiKaHMsamm no peaKUwawi nonwKOHAeHcaut/ii/i 

wni/i rwAPOCMnnpoBaHMfl. 

yKasaHHbiSi pesynbTaT AOcrwraeTca TaioKe Tewi, mto npoqecc cpopwioBaHwa 
TepMonnacTMMHoro nonuwiepHoro wiaTepwana ocymecTBnaioT c wcnonbSOBaHwewi 
ycrpoMCTBa c noKpbiTMeM, HaHeceHHbiM, no KpawHefi wiepe, Ha Mac™ ero 
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noBepxHocTM, HaxoAaiuewcfl b KOHTaKre c pacnnaBOM m coAepwamwM KaTanw3aTop 
fljifl cooTBSTCTBy loin© m peaKL4Hn ByxiKaHM3ai4Mw anacTOMepoB, 

yKa3aHHbifi pe3yribTaT AOCTMraeTCfi TaioKe TeM, mto noKpbrrwe, coAepwamee 
KaTa/iM3aTop p,na cooTBSTCTByKDineM peaKunw ByjiKaHi/f3aLiw/i anacroMepoB, HaHocflT b 
npoLiecce cjDopMOBaHi/m TepMonnacri/iMHoro nonnMepHoro MaTepwana. 

YKa3aHHbiM pe3ynbTaT AOCTi/iraeTca TaioKe TeM, mto flo6aBKM anacTOMepoB i/i 
KaTanw3aTopa Rn* o6ecneMeHi/ia mx BynKaHM3ai4MM bhocat pa3AenbHO bo BpeiweHM. 

YKa3aHHbiM pe3ynbTaT AOCTMraeTca TaioKe TeM, mto Ao6aBKM KaTani/i3aTopa 
bhocht b npoLiecce <t>opMOBaHi/ifl OAHoro TepMonnacTMMHoro nonwMepHoro 
wiaTepwana, a 3aTeM npot/i3BOA*T c|)opMOBaHi/ie Apyroro TepMonnacTi/iMHoro 
noni/iwiepHoro MaTepwana. 

YKa3aHHbtCi pe3ynbTaT AocrwraeTCfl TaioKe TeM, mto pacnnaB 
TepMonnacTMMHoro noni/iMepHoro MaTepwana AononHMTenbHO coa©p>kmt Ao6aBKM 
CUJMBaiOLLlMX areHTOB. 

YKa3aHHbiM pe3ynbTaT AOcrwraeTCfl Taione TeM, mto b KaMecTBe auwBaK>mwx 
areHTOB wcnojib3yK>T opraHUMecKwe nepoKCHAbi c TeMnepaTypoii pa3no>KeHi/ia Bbiwe 
TewinepaTypw cfcopMOBaHwa, ho Hwwe TewinepaTypbi pa3no>Ke h i/ih TepMonnacri/iMHoro 
nonwMepHoro MaTepwana. 

Y«a3aHHbiM pe3ynbTaT AOcn/iraeTca TaioKe TeM, mto BynKaHM3ai4i/ito 
anacTOMepoB ocyinecTBn*K>T nyreM wx HarpeBa ao TewinepaTypbi pa3no>KeHi/ifl 
yKa3aHHbix nepoKCMAOB, no KpawHefi iwepe, b tom MacTM cfcopMyioinero ycrpowcTBa, 
KOTopaa npuMbiKaeT k ero BbixoAy, HanpwMep, k BbixoAy M3 MyHAurryio vmw <£wnbepbi. 

YKa3aHHbiw pe3ynbTaT TaioKe AOCTHraeTca wcnonb30BaHweM ycTpoiicTBa pj\a 
4)opMOBaHHH TepMonnacTMMHoro noni/iMepHoro MaTepwana c noicpbrn/ieM, 
HaHeceHHbiM, no KpawHew Mepe, Ha Mac™ Tofi noBepxHocrw ycrpowcTBa, KOTopa* 
npeAHa3HaMeHa ana KOHTaicra c pacnnaBOM TepMonnacrrwMHoro nonwMepHoro 
MaTepwana, w coAepwamwM KaTanw3aTop on* cooTBeTCTByiomew peaKLjww 
BynKaHM3ai4wn anacroMepoB. 

YKa3aHHbiii pe3ynbTaT AocTwraeTca TaioKe wcnonb30BaHweM ycrpoficTBa c 
noKpbiTweM, coAep>KainnM KaTanw3aTop w BbinonHeHHbiM W3 pe3WHbi, anacrwMHOw npw 
TewinepaType cjxjpMOBaHwa nonwMepHoro MaTepwana. 
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yKa3aHHbiw pe3ynbTaT AocTi/iraeTca TaiOKe wcnonb30BaHweM cocTaBa 
TepwionnacTMMHoro no/in wiepHoro MaTepi/iana, coAepwamero nonnonecpMHbi \n 
Ao6aBKn anacTOMepoB, npwweM b KaMecrBe anacTOMepoB Mcnonb3yfOT 6jiok 
cononwMepbi >KecTKi/ix nonwwiepoB (A) c TewinepaTypofi CTeioioBaHMfl Bbiiue 

5 KOMHaTHOM, HO HM>K6 TeMFiepaTypbl CfcopMOBaHMfl yKa3aHHblX nO/lMOneC^llHOB, M MflFKMX 

nonwwiepoB (B) c TewinepaTypow creKJiOBaHMfl HWKe KOMHaTHofi, npunewi 6jiok 
cononMwiepbi Bbi6wpaK)T co CTpyicrypoti ni/iHefiHoro 6hok cono/iwMepa A(BA) n , rfle n>0, 
wjim (BA) m , rfle m>1, wjih rpacfrr-conojiwMepa, Kor^a k wmrKoa/iy nonwiwepy npuBi/rrw, no 
KpawHew wiepe, flBa 6oKOBbix cerweHTa wecTKMX nonwviepoB, npw cneflyiomeM 

10 COOTHOLUeHMM KOMHOHeHTOB*. 

TepMonnacTMMHbie anacTOMepw - 0,001 - 10 Bec.% 
TepwjonnacTMMHbiM nonnwiepHbiM MaTepnan - ocra/ibHoe. 
YKa3aHHbiM pe3ynbTaT AOCTMraercfl TaiOKe i/icnonb30BaHt/ieM cocrraBa 
TepMonnacTMMHoro nonwviepHoro MaTepwana c Ao6aBKan/iM TepiwonnacTMMHbix 
is anacrowiepoB, b kotopom b KanecrBe wecrKi/ix nonwMepoB npewMymecTBeHHO 
wcnonb3yKDT nonnwiepbi W3 onepy\on\e\A rpynnw: no/wacjMpcynbcfcoH, 
nonnBi/iHunnupponnAOH, nonwMeTMJiMeTaKpwnaT, nonwcTupon, wecTKMM nojiwi/iMi/iA, 
nonwypeTaH, a b KanecTBe MarKwx nonviMepoB npeMMymecTBeHHO i/icnonb3y»OT 
nonnwiepbi m cneay)ou\eiA rpynnbi: nojiMAWMeTWicwJioKcaH, noni/iNieTi/m- 
20 c^eHMncunoKcaH, noni/iTeTpacfrropaTwneH, cjDTOpwpOBaHHbiw noni43Ti/ineH i/mw Manage 
cononwMepbi cJrropwpoBaHHbix nonwonec^MHOB c cooTHOLueHwewi aTOMOB cjrropa k 
aTOMawi ymepoAa He wieHee 1:2. 

TepMMH "TepMonnacTMMHbiii nonwviepHbM wiaTepnan" i/mw ana KpaTKOcTM 
"TepMonjiacTMMHbiii wiaTepwaji", "TepMonjiacT* 03HaMaeT wiaTepnan Ha ocHOBe 
25 nonwMepa, KOTopbifi pa3MarHaeTCfi m npwo6peTaeT cnoco6HOCTb k nnacn/MecKOw 
Ae<fcopMam/i!/i npw HarpeBe ao TeMnepaTypw wieHbtue TeMnepaTypw ero TepMMMecKoro 
pa3no>KeHMH. Tepn/iMH "nnacn/JMHafl AedfropMauyin" 03HaMaeT h eo6paTi/i My K) 
AecfDopMauwio noA r&wctbm&m MHoroKpa-mow wnw AonroBpeMeHHOM Harpy3Ki/i 6e3 
pa3pycueHM^. 

30 B o6meM cnyMae TepMonnacTMMHbiw wiaTepnan MMeeT b CBoewi cocTaBe He 

TO/ibKO caiw nojiMMep, ho i/i pa3nwMHbie Ao6aBKM: aHTWOKCWAaHTbi, CTa6wnw3aTopbi, 
Ao6aBKM Ana ywieH bine h CTaTMMecKoro aneicrpi/iHecTBa, opraHMMecKwe w 
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HeopraHMMecKwe HanojiHi/iTenw, Kpacmem, nnacTMCpMKaTopbi, flo6aBKw, 
npeAOTBpamaromMe cnnnaHwe, HanpMMep aHTw6noKOBbie Ao6aBKM Ann noni/iwiepHOM 
nneHKM, Ao6aBKM, yjiymuaiomMe nepepa6oTKy noJii/iwiepoB, HanpwMep wiacna w t.a. 
npMMepw nonnwiepHoro MaTepnana BKmonaioT, ho He orpaHMMeHbi cneAyraiAMM 
otmckom: noiwonecpMHbi, cpTopwpoBaHHbie ymeBOAopoAHbie nonwwiepbi, bmhmjv 
nonMMepbi, aKpunoBbie w Mervm- aKpwnoBbie nonnwiepbi m snacTOiwepbi, nonwaueTaTbi 
M mx conoiiMMepbi, nonwacpupbi, nonwaMMAbi, nonwKap6oHaTbi, nonncynbcpoHaTbi m 
nojinypeTaHbi, TepwionnacTMMHbie acpupw uejintono3bi. 

npe>KAe Bcero, npeAnaraewioe TexHMMecKoe peujeHMe npeAHasHaqeHO Ann 
McnonbsoBaHMfl npu cpopwiOBaHMM nonwonecpMHOB. npuwiepw normoxiecpMHOB 
BKnwMaioT, ho He orpaHMMeHbi nonMMepawiM w cononwiviepaMM STMnena, nponwneHa, 
SyreHa, neHTeHa, reKceHa, a TaioKe conojiMMepawiw wioneKyn nojiwonecpwHOB c 
cwnaHaMM m c MOHowiepawiM, coAeprcamMMM normpHbie wioneicynbi, KOTopwe 
BicnioMaraT, ho He orpaHMMeHbi BMHMnoBbiM cpmptom, aKpMnoBofi kmcjiotom, a tbk we 

CMeCHMM 3TMX nojiMMepoB. 

npaKTMMecKM npeAnoMTMTenbHbiMM MaTepManawiM aha SKcrpysMM *B/i*ioTca: 
nonMone(pMHbi m mx cononMMepbi, nonyMeHHbie c Mcno/ib30BaHMeM weTannoueHOBbix 
KaranMaaxopoB m a** Koxopbix xapaicrepHO ysKoe pacnpeAenenMe MoneKyjiapHoro 
eeca. npeAnaraeiwioe TexHWMecKoe peweHwe c HeKOTopbiwiM orpaHMMeHMawiM MOweT 
6biTb McnoribaoBaHO Ann yjiymueHM* aKcrpyaMM cMeceui cupbix anacTowiepos c 
nepoKCMAawiM, Koropwe symaHMSMpyioTca no cBo6oAHO-paAWKanbHowiy MexaHMSMy, 
mjim TepwionnacTMMHbix snacroMepoB Ha ocHOBe 6jiok conoriMiviepoB, mum n P M 
3Kcrpy3MM cwieceM TepMonnacTMMHbix nojiMiwepoB c anacroMepaMM. 

B cooTBeTCTBMM c npeAnaraewibiwiM Texn mmcckm m m pemeHMJiMM b npouecce 
cpopMOsaHMA TepMonnacTMMHoro no/iMMepHoro MaTepMana ocymecTBiwercn 
HaHeceHMe ynpyroro noK P bm/m Ha noBepxHOCTb, KOTopaa HaxoAwrca b KOHTaicre c 
pacnnaeoM nonMMepnoro wiarepMana. Ana yeenmeHvin 6e3AecpeKTHOM cko P octm 
3KCTpy 3 MM AOcraTOMHO HaHocMTb ynpyroe noKpbiTMe b6jim3m BbixoAa ms cpopwiyiomero 
ycrpoMCTBa c ahmhom noKpbiTM* He iweHee 10% ot uimpmhw sasopa Ana cpopMosaHM* 
TepMonnacTMMHoro nonMMepnoro MarepMana. AeMCTBMTeribHO, ynpyrwe nanpaweHM* 
b noTOKe nojiMiuepHoro wiarepMana cocpeAOTOMeHb. b6jim3M BbixoAa ms cpopwiyiomero 
ycrpoMCTBa m McnonbsoBaHMe noKpbiTM* ywe TaKOM AnMHbi nosBonaeT sawieTHO 
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yBenMHMTb CKOpOCTb 6e3AecJ)eKTHOM 3KCTpy3MM TOJICTOCTeHHOM Tpy6bi MJ1M npocpMJin. 

flpw yBenwMeHMM a^mhw ynpyroro noKpbm/m cBbiwe 10% ot wwpMHbi KaHana cKopocTb 
6e3flecpeKTHOM 3KCTpy3MM flono/iHMTenbHO B03pacraeT. ripw prwine ynpyroro 
noKpbiTMa wieHee 10% ot uJMpwHbi KaHana yBeni/iMeHwe 6e3flecpeKTHOM CKopoc™ 
3Kcrpy3MM He npoi/icxoAMT. 

HaneceHwe noKpbiTMfl b npouecce 3KCTpy3wn, Hanpi/iwiep npw 3KCTpy3MM qepe3 
MyHALUTyK, wio>KeT ocymecTBnflTbCJi npn Mcnonb30BaHMM coBpewieHHbix KOHCTpyKMi/iifi 

MyHflUJTyKOB ATlfl M3rOTOBJieHMfl MHOrOCnOMHOtl nneHKM MJ1M WiyHAHITyKOB, 

coAep>KaiMMX nopucrbie BcraBKM Ana noAanw CMa3KM Ha noBepxHOCTb, HaxoAfliMyioc* 
b KOHTaicre c pacnnaBOM nonnwiepHoro MaTepviana (cm. naTeHT CULIA Na 4,485,062). 
OAHaKO, npeAnoMTMTe/ibHbiM aBnaeTca HaHecenne w BOCCTaHOBneHi/ie noKpbiTWfl npi/i 
oca)KAeHMM Ao6aBOK M3 pacnnaBa noni/iwiepHoro wiaTepwana Ha noBepxHOCTb, KOTOpaa 
HaxoAHTca b KOHTaicre c pacnnaBOM. TeMnepaTypa cpopMOBaHMfl nonuwiepHoro 
wiaTepwana AonwHa 6biTb Bbiiue cooTBeTCTBy lome ft TewmepaTypbi nnaBneHi/m Ao6aBOK 
\atva TewmepaTypbi creKnoBaHi/m Ao6aBOK, T.e. npi/i Tewinepa-rype cpopwioBaHM* 
Ao6aBKM AO/i>KHbi pa3M?irMaTbCfl i/i o6pa30BbiBaTb Ha noBepxHOCTM enow 
TepwiormacTMMHoro anacTon/iepa, wni/i enow cwiecu KOMnoHem-OB cwpbix snacTOMepoB, 
iini/i cnofi cwiecu cwpbix snacToiwepoB m cuiMBaromux areHTOB. B3ai/iMOAewcTBi/ie 
oca>KAeHHbix snacTOWiepoB c noBepxHocrbio w BynKaHi/i3am/m KowmoHeHTOB 
anacTowiepoB b stom cnoe npwBOAMT k co3AaHmo ynpyroro noKpbiTMfl Ha noBepxHocrw. 
CKopocTb oca>KAeHM« AoGaBOK pacreT nponopqwoHanbHO wx KonwnecTBy b 
nojiwiviepHOM wiaTepwane. CKopocTb M3Hoca ynpyroro noKpbrma onpeAenaeTCfl 
CKopocTbio CKonbweHM* pacnnaBa noni/iwiepHoro wiaTepwana Ha rpaHi/iue noKpbm/m, 
Harnmnewi a6pa3MBHbix nacTWLt b noni/iwiepHOM MaTepnane, aAre3i/iew ynpyroro 
noKpbiTi/w k noBepxHOCTM m wiexaHMsecKHMM cBOMCTBawiM ynpyroro wiaTepwana 
noKpbiTMH. nosTOMy KOJiMMecTBO Ao6aBOK nofl6npaioT pj\n BbinojiHeHwa 6anaHca 
wie>KAy CKopocTbio M3HOca m CKopocTbK) oca^eHM* noKpbiTMfi Ann ero 
BOccTaHOBneHMJi. HawSonee npeAnoMTtrrenbHbiM npeACTaBnaeTca Bbi6op M3 
AMana30Ha 0,001 - 10 Bec.%. 

Ecnw KonnHecTBO Ao6aBOK BBOflMTb wieHee 0,001 % to CKopocTb oca>KAeHMfl 
noKpbiTwn 6yAeT HacTonbKO wiana, mto He 6yAeT KOMneHCMpoBaTb ero m3Hoc. 
BBeAeHMe flo6aBOK 6onee 10 % Heuenecoo6pa3HO M3-3a Toro, mto M3-3a bwcokow 
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cKopocTM oca>KfleHM5i noKpbiTMe 6yAeT HapacTaTb 6bicTpee, MeM M3Hauji/iBaTbCfl, mto 
MO>KeT npuBecTM k He>KejiaTenbHOMy coKpameHHK) npoxoflHoro ceMeHi/m ct>opMyK>mero 
ycrpowcTBa. KonwMecTBo floSaBOK noflSwpajOT flna BbinormeHMfl 6a/iaHca Me>Kfly 
M3HOCOM m oca>KAeHMeM noKpbrrwa M3 flwana30Ha 0,001 - 1 Bec.%. 
5 HaHeceHne ynpyroro noKpbm/ifl MO>KeT SbiTb npon3BefleHO b OTHoewTenbHO 

KopoTKMX npowie>KyTKax BpewieHM. B ocTaribHoe BpeMfl o6opyAOBaHwe MOweT 6biTb 
wcnorib30BaHO flnn 3KCTpy3ww nonwMepHoro wiaTepnana 6e3 floSaBOK v\nv\ c ManbiM 
KonMMecTBOM flo6aBOK. Hanpi/tMep, ana ycKopeHHoro HaHeceHi/ia ynpyroro noKpbiTwa 
mo>kho Mcnonb30BaTb CMecw c 6onbiuMM — ao 10 Bee. % coAepwaHweM Ao6aBOK, a 
10 3aTeM ncnonb30BaTb Ao6aBKM b Koni/mecTBe He 6onee 1 Bee. %, a npeHMymecTBeHHO 
0,01 - 0,05 Bee. %. 

B TexHMKe 3KCTpy3MM Ao6aBKM npwroTOBJi*K)T b BHAe KOHLieHTpwpoBaHHbix cwiecefi c 
nojiMMepHbiM MaTepwanoivi, a rpaHy/ibi 3Toro ko h i\b htp aTa A03npytoT w CMewwBaioT c 
rpaHynaMM nonwMepHoro wiaTepnana b SKCTpyAepe. ripwroTOBneHi/ie 

is KOHLjeHTpi/ipOBaHHbix CMecetf AoSaBOK no3Bon^eT onTMMM3npoBaTb pa3Mep 
BKnioMeHMM Ao6aBOK b nonwMepHbift MaTepwan. Oca>KAeHMe Ao6aBOK Ha noBepxHOCTb 
cJ)opMyioLuero ycTpowcTBa nponcxoAWT b Mecrax pe3Koro cyweHi/m noTOKa. Pa3Mep 
BKTNOHeHMM He MO>KeT 6biTb cnwujKOM ManbiM (MeHee 0,1 mkm), TaK KaK b stom cnynae 
3HaHMTenbHO CHi/iwaeTCfl CKopocTb oca>KAeHHH Ao6aBOK Ha creHKM cfropMyiowiero 

20 ycrpoMCTBa. Pa3Mep BKniOMeHtiw He wio>KeT 6biTb crmuiKOM 6onbuii/iM (6onee 10 mkm), 
TaK KaK cTaHOBi/iTca 3aMeTHotf HeoAHopoAHoerb nonyMaeMoro npoAyicra. ripw 
onTMMaribHOM pa3Mepe BKnfOMeHWM (ot 0,1 ao 10 mkm) aohh Ao6aBOK b 
TepMonnacTMMHOM MaTepwane He MO>KeT 6biTb Hwwe 0,001 Bee % i/mi/i 6onee 10 
BeC.%. fleWCTBHTe/lbHO, 3Cj)C{DeKTMBH0CTb oca>KA©HMfl AoSaBOK yBeni/iMMBaeTCfi c 

25 yBenwHeHMeM pa3Mepa BKnioHeHww (cm S. B. Kharchenko, P. M. McGuiggan, and K. B. 
Migler, "Flow induced coating of fluoropolymer additives: Development of frustrated 
total internal reflection imaging", J. Rheol. 47 (2003) 1523-1545) m, ecjiw Aona Ao6aBOK 
HM>Ke 0,001 Bee %, to npi/i onn/iMajibHOM pa3Mepe BKntoMeHwCi b pacnnaBe oca>KAeHwe 
Ao6aBOK Ha noBepxHOCTb npowcxoAMT HepaBHOMepHO. A npn Aone Ao6aBOK 6onee 10 

30 Bec.% oca>KAeHwe Ao6aBOK npMBOAUT k He ko HTpon w py e m bi m Li3MeHeHi/iflM ceHeHi/ia 
noTOKa i/i npocfwrm npoAyKTa. 
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HaHeceHMe ynpyroro noKpbm/ifl MO>KeT 6biTb npoi43BefleHo npw i/icnonb30BaHWM 
Apyroro Ti/ma noni/iMepHoro wiarepwana, Heivi a^h cfcopMOBaHi/m npoAyKTa. Hanpwwiep, 
Ann HaHeceHi/m noKpbi™* MO>KeT 6biTb i/icnorib30BaH AeweBbiw noJiwaTwneH hm3KOm 
nnoTHOc™ (LDPE), a 3aTewi nonyMeHHoe ynpyroe noKpbiTue mo>kho wcnonb30BaTb npw 

5 M3roTOB/ieHMM npo3paMHOw nonw3TMJieHOBow nneHKM m 6ojiee Aopororo nonwMepHoro 
wiaTepwana, Hanpi/iwiep MeTarmoueHOBoro nonwaTMneHa (mLLDE mjim mPE). 

TepMMH "HaHeceHne ynpyroro noKpbiTMH" 03HaMaeT Haneceme noKpbrra* m 
MaTepwana, ynpyroro no cpaBHeHwio c TepMonnacTMMHbiM noni/iMepHbiwi MaTepwanowi, 
Ha wecTKyro noBepxHOCTb m/im Ha enow APyroro wnn Toro we ynpyroro wiaTepnaria, 

10 Hanpuiwiep, a^* BOCCTaHOBneHi/m M3HouieHHoro noKpbm/ifl mjim Hapami/iBaHWfl 
TonmwHbi y>Ke MMeraiAerocfi noKpbr™*. B tom Mt/icne mowho HaHoewTb ynpyrww 
wiaTepwan oahoto copTa Ha ynpyrafi wiaTepwan APyroro copTa. Hanpi/iwiep, HaHoewTb 
cjiom anacTowiepa, ycTOMMMBoro k a6pa3MBHOMy M3Hocy, Ha cnoft anacTowiepa APyroro 
copTa, KOTopbiw o6naAaeT noBbiiueHHoii aAre3i/ieti k noBepxHOCTM wieTanna. Ynpyrwe 

is CBoCicTBa H3Mep*K>Tca Ana xapaicrepHoro BpewieHM npouecca. TepwiwH "xapaicrepHoe 
Bpewia npoqecca" o3HanaeT Bpewm mMeHenwa Harpy3KM (AaBneHWfi) b npouecce. 
XapaicrepHoe Bpewm nepnoAM^ecKMX w KBa3i/inepwoAHMecKMX npouieccoB i/icm/icnae-rca 
KaK nepwoA ocMwrmflUww. 

riojiMMepHbiii wiaTepuian npw TewmepaType Bbiuie Tewineparypbi CTeKnoBaHi/m 

20 npoaBJifieT ynpyrae CBOMCTBa kopotkmx npoqeccoB w nnacrMwecKwe CBOficTBa pj\n 
AJiMTenbHbix npouieccoB. Ana M3MepeHMfl cooTHOiueHi/m wie>KAy nnacTtmecKOM w 
ynpyrow pjecjpopMaujAeift h ah* onpeAeneHMfi AHHaMi/mecKMX cbomctb MaTepwana era 
Ae4>opwiMpyK)T nepi/iOAMMecKi/i, a wwieHHo: HaicnaAbiBaiOT cwHycowAanbHO 
!43MeHHioiAyrocfl Harpy3Ky (cm. A.K).rpoc6epr, A.P.Xoxtiob. <t>w3MKa b Mwpe 

25 noriMWiepoB. M., "HayKa", 1989; A.K).rpoc6epr, A.P.XoxnoB. CTaTi/i CTi/mecKafl dpmma 
nonnMepoB. M., "HayKa", 1989). Ecjiw F - cwna, npwnoweHHa* k nnomaAH 
noBepxHocTM S b HanpasneHMM napannenbHo stow noBepxHocru, to HanpsoKeHi/ie 
CABiira a = F/S. TorAa AecfropMauvifl CABwra y = Yo # SIN(o>t). HanpaweHwe cABura b 
B5?3KO-ynpyroiw n/iaTepwane npwH*TO onwcbiBaTb c non/iombto G* - ynpyroro MOAy/i* m 

30 G" - Bfl3Koro " MOAyna. TorAa a = y c * (G'«SIN(a>t) + G"«COS(©t)). Ha Owr.1 
rpac^MMecKM npeACTaBJieHO a^^ TewinepaTypbi 165°C i/i3MeHeHMe ynpyroro MOAyna G* 
i/i B*3Koro MOAyJia G" c MacTOTOM B03AewcTBW* f = co/27c AJia nMHeftHoro noni/i3T!/ineHa 
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LL1201 XV, KOTopbifi Mbi Mcnoxib30BaJiM b npuMepax peanw3at4Mt/i npeflnaraeMoro 
TexHMMecKoro peweHwa. KpuBbie nepeceKaioTCfl npw nacTOTe okoho 7 R4. B npeAene 
wiaxibix MacTOT B03AewcTBMH br3kmm MOAynb 6onbiue ynpyroro MOflynsi, to ecTb 
MaTepwan BefleT ce6* KaK >Ki/iAKocTb. B npeflene bwcokmx hbctot B03flewcTBM« b*3ki/m 
5 MOAyfib MeHbiue ynpyroro MOAyn*, T.e. wiaTepwan b&rgt ce6a KaK TBepAoe reno. 

KaK noKa3aHO Hi/i>Ke b npwwiepe 1 , npw 3KCTpy3MM pacnnaBa 3Toro nonwsTi/iiieHa 
npw TewinepaType 165°C B03HMKaK>T Aecfceicrbi noBepxHOCTW c nacTOTow mx noBBnenm 
okojio 20 Tu. HpMMUHa noaBneHi/ia AecfeeKTOB MO>KeT o6"bacHflTbca cneAyiomi/iM 
o6pa30M. Ha BbixoAe m MyHAurryKa noBepxHocTHbifi enow npoAyicra ycKopaeTC* w 

10 pacT^rnBaeTC^. Ynpyraa aneprvia pacroweHM* mo>k©t BbiCBo6o>KAaTbCfl b 
nepwoAMHecKi/ix nepexoAax "npuinuinaHi/ie-CKonbweHi/ie", T.e. CKaMKOo6pa3Hbix CABMrax 
noBepxHOCTHoro cjio* wiaTepwana BAOJib noBepxHOCTi/i MyHAunyKa b6jii/131/i ero 
BbixoAa, w b pa3pyiiieHwn (APo6neHWw) noBepxHOCTHoro cnoa nonwMepa TpemMHawii/i. 
CooTHoiiieHne Me>KAy ynpyrwwi w bh3kmm MOAynewi (G7G") Ana pacnnaBa 

is nonnMepHoro MaTepwana Ha nacTOTe bo3HI/ikhob6Hm^ RecpeiaoB paBHO 3HaHeHMK> K. 
OMeBMAHO, hto 3HaneHHe K mo>k6t MeHflTbCH ot OAHoro nonwMepHoro MaTepwana k 
Apyrowiy i/i npw i/i3MeHeHi/ii/i TeMnepaTypw (fcopMOBaHM*. flna wcnonb30BaHHoro b 
npwiwepax peanM3aqwM nonw3TwrieHa LL1201 K = 1,4. Bbi6epeM BenwHWHy K b 
KaMecrBe cfraicropa, onpeAeiniomero ynpyrwe CBOftCTBa wiaTepi/iana. MaTepwan 

20 noKpbiTM5J Aon>KeH 6biTb ynpyrwM no cpaBHeHWK) c pacnnaBOM nonwMepa, T.e. 
OTHOiueHwe ynpyroro MOAyna k BH3KOMy MOAynio Aon>KHO 6biTb 6onbwe 
cooTBeTCTByiomeM BenwsMHbi A^fl nonwMepa b K pa3 Ha MacTOTe noflBneHum 
Aecf^eKTOB. ByAeiw CMMTaTb, hto MaTepwan noKpbiTW* *Bn*eTca ynpyrwM MaTepwanoM 

no CpaBHeHMK) C pacnnaBOM nonHWiepa, ecriM (G , n oicpbrrMe/G"noKpbrrMe) > K«(Q' nomiMep/G" 

25 no/iMMep) = K 2 . TorAa Ha nacTOTe noHBneHi/ia AecfceicroB ynpymw MaTepwan flnn 
noKpbm/ta xapaKTepi/i3yeTCfl cooTHOweHweM G7G" > K 2 . Mo>kho o>KMAaTb, mto b 
CB5i3aHHOM MexaHi/mecKofi cuiCTewie "nonwMep - ynpyroe noKpbiTwe" npovi30MAeT 
AeMncfcwpoBaHwe Kone6aHMM. 

flononHMTenbHO nna nonyneHi/ia noKpbiTMfl Ha noBepxHocrw Heo6xoAMMO, 

30 hto 6bi \a b npeAene wianbix nacroT wiaTepwan noKpbm/m HBnanca ynpyn/iM no 
cpaBHeHMK) c pacnnaBOM nonwMepHoro MaTepwana. C yneTOM cJjaKropa, 
onpeAenatomero ynpyme CBoCicTBa MaTepwana 3T0 03HaHaeT, hto b npeAene wiaxibix 
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qacTOT (fl/iMTe/ibHoro BpeivieHM) B03AeficTBM* Ana noKpbiTM* oTHoweHi/ie ynpyroro 

MOflyJIfl K Bfl3KOMy MOflyniO (G' n oKpbi™e/G"noKpbm«>)o > K»(G' no/iMMep/G" nojiHMep)o = KL, 

we (G' no^Mep/G" non MM e P )o - L - OTHoweHt/ie ynpyroro MOAyna k B*3KOMy MOAynio aha 
pacnnaBa nonwwiepHoro MaTepwana b npeAene hm3Kmx MacTOT B03AeMCTBMn. 

TaKMM o6pa30M, iwaTepwan Ana ynpyroro noKpbrrwn b KonwMecTBeHHowi 
oTHoiueHMM Aon>KeH yAOBneTBop^Tb cneAyrouiMM ABywi ycnoBwawi: 

(G'„oKp fa m,o/G"noK Pb mie) > K 2 , T A e K = (G' „ onM Mep/G" „ OJ1MM ep) A™ XapaKTepHOM 
MaCTOTbl B03HMKH0B6HMS1 AeCpeKTOB, 

(G'noKpBm,e/G"„oKp b m,e)o > KL, r A e L = (G' „on MM ep/G" n0 nHMo P )o Ha wianbix nacTOTax 

B03Ae^CTBMfl. 

Ecnw Ana HaHeceHMsi noKpbiTMfl wcnonb3yioT wiaTepvian, KOTopwfi wwieeT wianyio 
aAre3wio k TepMonnacTMHHOwiy nonnwiepHOMy iwaTepwany, to pacnnaB nom/iwiepa 
CKonb3MT BAonb TaKOM noBepxHOCTM. CKonbweHMe oAHoro MaTepwana BAonb Apyroro 
npowcxoAMT b pe3yribTaTe ynpyrow AecpopMauwn noBepxHOCTHoro cnoa wiaTepwanoB m 
nepwoAMMecKMX cflBwroB BAonb noBepxHOCTM KOHTaicra b pesynwaTe 
pacnpocTpaHeHwa Tpemi/iH cABura. CKopocTb cKonwxeHWfl cooTBeTCTByeT cywiwie 
CABMroB 3a eAUHMuy BpewieHM. CKonwKeHue pacnnaBa nonwwiepHoro wiaTepi/iana 
BAonb noBepxHOCTM ywieHbUjaeT paonweHwe noBepxHOCTHoro cnoa npoAyicra Ha 
BbixoAe M3 MyHAUJTyKa. OflHaKO w b otom cnynae Ha 6onee bucoki/ix cKopocrflx 
nponcxoAMT Apo6neHwe pacnnaBa, ecnw awinni/rryAa cabutob Beni/iKa ui nwKOBbie 
3Ha4eHwa Harpy3KM npw pacTfi>K©HMM noBepxHOCTHoro cnoa npoAyicra npeBbiuiaeT 
npoMHOCTb iwaTepwana. flna ysennMeHun 6e3AecpeKTHOw CKopoc™ OKCTpy3MM 
Heo6xoAMiwo ywieHbUJMTb awmni/iTyAy cABi/iroB pacnnaBa BAonb creHKM m yBent/mi/iTb 
MacroTy 3tmx CABuroB, MTo6bi ywieHbiuMTb nwKOBbie 3HaMeHMH Harpy3KM npi/i 
pacT«>KeHMM b noBepxHOCTHOM cnoe npoAyicra. nocKonbKy TpeiUMHbi CABMra 
pacnpocTpaHfiioTCfl BAonb noBepxHOCTM KOHTaicra, to TonmwHa ynpyroro noKpbi™* He 
TaK BattHa, K3K AnMHa ynpyroro noxpuTM* Ha noBepxHocTvi. Ynpyroe noKpbrri/ie He 
TepaeT cbomx cbo^ctb, T.e. wioweT o6paTWMO AecfcopwiMpoBaTbca BnnoTb p,o TonmwHbi, 
conocTaBMMOM c flnnHofi MoneKynw anacrowiepa. Xot* ynpyryto Aecpopwiauwio Tanoro 
TOHKoro cnon Mpe3BbmawHo TpyAHO M3MepMTb, npwpoAa ynpyrwx cbomctb noKpbrrvi* 
KaMecTBeHHO He w3MeH*eTCfl Ha yKa3aHHbix wiacuJTa6ax. 
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Ha qbwr.2 npeflcraBneHO M3MeHeHwe ynpyroro m Bn3Koro MOAynn G', G" c 
qacTOTofi B03AeficTBMfl f Ann HeBynKaHM3MpoBaHHoro cpTopupoBaHHoro anacToiviepa 
"Viton® FreeFlow™ SC-PW, KOTopblii Mbi Mcnonb30Banw b npwwiepe 1 Ann 
yBeni/meHi/ifl ckopoctm 6e3Ae<peKTHoCi 3Kcrpy3i/iw. TaKofi NiaTepwan o6naAaeT wianow 

5 aAre3wefi k pacnnaBy nonwaTuneHa, ho yBenMHenne MaKcwwanbHofl CKopocTM 
6e3AecpeKTHoCi 3KCTpy3MM npw wcnojnb30BaHMw 3Toro MaTepwana aha noKpbrrwn 
HeBenMKO, t.k. Ha HacroTe nonBJieHi/w AecpeKTOB (20 Vu) cooTHOiueHi/ie wie>Kfly 
ynpyrwwi MOAynewi m bhzkwm MOAynewi G7G" < K 2 . M3BecTHO, mto npuwieHeHwe 
AoSaBOK H6BynKaHM3i/ipoBaHHoro cp-ropwpOBaHHoro snacTOMepa Dynamar Ann 

10 yBexwHeHM* ckopoctm 6e3AecpeKTHow 3KCTpy3i/iw 6oxiee scpcpeim/iBHo, Meiw 
wcnonb30BaHwe Ao6aBOK Viton [1], Ha cpwr.3 npeAcraBJieHo i/i3WieHeHi/ie ynpyroro w 
Ba3Koro MOAynn G', G" c MacroTOM B03Ae«cTBwa f Ann HeBynKaHM3MpoBaHHoro 
cpTopupoBaHHoro 3/iacToiviepa Dynamar. H3 rpacpMKOB bmaho, mto OTHOiueHwe 
ynpyroro MOAynn k Bn3Kowiy wioAynio Ha xapaicrepHofi MacroTe nonBneHi/in AecpeicroB 

■ 2 

15 Ann 3Toro wiaTepwa/ia 6onbwe Mewi Ann wiaTepwana Viton ( G7G" > K ), oah3KO He 
BbinonHneTcn ycnosne (G7G") 0 > KL. 

HeojKMAaHHo mw o6Hapy5KMnM, mto npi/i BbinonHeHi/iw o6owx ycnoBi/iw: 
G7G" > K 2 w (G7G")o > KL Ann wiaTepwna noKpwTwn, MaKcwwianbHan CKopocTb 
6e3flecpeiorHOM 3KCTpy3nw 3HaMWTenbHO yBenwMMBaeTcn no cpaBHeHMio c 

20 TeXHMMeCKMMM peiUeHlinMM, M3BeCTHblMW W3 ypOBHn TeXHMKM. 

TepMMHbi "pe3MHa", "ynpymii MaTepwan" m "snacTWMHbiw wiaTepwan" b 
TexHMMecKow nMTepaType - cMHOHwwibi. Oah3ko Ha npaKTWKe pewnow (3nacroMepoM) 
Ha3biBaioT He TonbKO t3kom wiaTepwan, KOTopbiw ywe o6naAaeT ynpyrMMM 
(3/iacTMHHbiMM) CBOMCTBaMM, ho m T3KOM, KOTopbiw mojkct npwo6peTaTb ynpyrwe 
25 CBOMCTBa b pe3ynbTaTe xnwiMMecKOfi m/mjim TennoBoii o6pa6oTKi/i. nosTOWiy cneAyeT 
pa3nimaTb cbipyio pe3t/iHy (jiaTeKC, cwpotfi snacroMep), He wwieiomyio CBn3ePi wie>KAy 
MoneKynawiM, KOTopan nBJineTca n/iacTMMecKMM iwaTepi/ianoM, m co6crBeHHO pe3WHy 
(ynpyrwCi snacroMep), KOTopan wwieeT CBn3M wie>KAy wioneKynawiu. 3tm cBn3w MoryT 

6blTb KOBaneHTHblMI/l, BOAOpOAHbIMM, MOHHbIMM M 4>M3l/IMeCKMMI/l. KOBaneHTHbie CBn3M 

30 coeAMHnioT aTOMbi, KOTopwe MiwewT o6mwe 3/ieKTpOHbl. BymaHM3MpOBaHHbM 
snacTOMep, b kotopom wie>Kfly MoneKynawiM ecrb KOBaneHTHbie CBn3M, He nnaBMTcn 
npw HarpeBe, xom i/i3wieHneT cbom ynpyrwe cBOMCTBa. Ero mo>kho paccwiaTpwBaTb KaK 
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oahy MoneKy/iy c oqeHb 6onbWMM MoneKynapHbiwi BecoM w cho>khom TpexwiepHow 
cnpyKTypow. BynKaHM3wpoBaHHbifi anacTowiep nonyMaioT xMMMMecKofi m/mjim TennoBofi 
o6pa6oTKofi cwporo anacTOwiepa. Hanpuwiep, cbipofi 3nacT0Mep cMeuiwBaioT co 
ciiiMBaramMMM areHTawin v\ KaTanw3aTopaMM npouecca BynKaHM3auwn w HarpeBaioT. 

Hcnonb3yewiyio Ha npaKTWKe TepMMHonornio ocnowHaeT tot cpaicr, mto Ha 
npaKTMKe BynKaHM3npoBaHHbiM anacTOMepowi mjim pe3MHOM Ha3biBaioT He TonbKO cawi 
anacTOMep, ho m civiecb snacTOWiepa c HanonHMTenawiw, a htm o kcm ab HTa m m , Macnawiw, 
m t.a. noaTOWiy TepwiMH "BynKaHM3MpoBaHHbiM anacTowiep" cooTBeTCTByeT TepwmHy 
"pe3MHa", noflpasywieBafl, mto oh b o6mewi cnyMae wivieeT cno>KHyK> KOMno3WUMK5. Ha 
cpnr.4 m cpwr.5 rpacpMMecKM npeACTaBneHo M3WieHeHne ynpyroro m B*3Koro MOAyna c 
MacTOTOM B03AewcTBMn Ana ByjiKaHM3i/ipoBaHHbix curiMKOHOBbix anacTowiepoB. Buiaho, 
mto Ana ByjiKaHi/i3wpoBaHHbix anacrowiepoB G7G"> K 2 m (G7G") 0 > KL. noaTOiwy 
ByxiKaHM3MpoBaHHbie anacTOMepbi wioryr atpcpeiawBHo npMMeHjrrbc* b KaMecTBe 
wiaTepwana Ana ynpyroro noKpbr™*, mto npoAeiwoHCTpwpoBaHO b npwwiepax 
peann3auwM npeflnaraeMoro TexHMMecKoro peujeHMfl. 

3nacT0Mep, b kotopom noriMwiepHbie uenn coeflMHeHbi cba3Hmm, 6onee 
cjia6biMM no cpaBHeHMio c ko Ban e hth bi m m cb^r/im, pa3MarMaeTCJi npn narpeBe w 
Ha3biBaeTC* TepwionnacTMMHbiM anacroMepoiu. Ha cpnr.6 m cpnr.7 rpacpMMecKM 
npeACTaBneHO M3MeHeHne ynpyroro m Bfl3Koro MOAyna c mbctotom B03Aei&cTBMH Ana 
TepwionnacTMMHbix cwriMKOHOBbix anacroiviepoB Tn3-120 m Tn3-80 nponsBOACTBa 
KowinaHMM Wacker npn 165°C. 3tm 3nacTowiepbi paswmrMarcrrcfl npw TewinepaType 
HM>Ke TewinepaTypbi qbopMOBaHnn. Bmaho, mto an* stwx TepMonnacTMMHbix 
anacrowiepoB BbinonHaiOTCJi ycnoBun G7G"> K 2 m (G7G") 0 > KL, T.e. ohm wioryr 6biTb 
Mcnoiib30BaHbi Ann HaHeceHM* ynpyroro noKpbrraa. Ha cpMr.8 npeACTaBneHO 
M3MeHeHMe OTHOuieHM* ynpyroro MOAyn* k BS3KOMy MOAynio Ana nonMSTMneHa m p*Aa 
anacroiwepoB. 

flnn nepepa60TKM m cpopwioBaHM* yKa3aHHbix TepMonnacTMMHbix nonMwiepHbix 
MaTepManoB Mcnonb3yeTca o6opyAOBaHMe, npewwiyiuecTBeHHO M3roTOBneHHoe M3 
wieTanna, HanpMMep, MyHAurryKM, cpMnbepbi, Tpy6bi, Kopnyca m bmhtw aKcrpyAepoB. 
OQbiMHO Mcnonb3yewibie wieTannbi BKnioMaioT MHCTpywieHTanbHyio m nen/tpoBaHHyio 
cranb, HepttaBeratnyio oranb, 6poH3y, wieAb, HMKenb. flononHMTenbHO, noBepxHOCTM 
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wieTannoB wioryT nwieTb noKpbrroa An* ywieHbiueHMfl a6pa3i/iBHoro mshocs w KoppoawM, 
Hanpwwiep, ranbBSHWHecio/ie nowpbiTun m xpowia, nnaTMHbi m poAMfl. 

MoneKyjibi ynpyroro noKpuroa Moryr npwKpenrurrbCfl k noBepxHOCTM 
nocpeACTBOM KOBsneHTHbix, boaopoahwx m mohhux CB*3eCi. B cnyMse, ecnn 
wioneKynbi anacTOMepoB, oca>KfleHHbie Ha noBepxHocrb, cB*33Hbi c noBepxHocrbro 
TonbKO cna6biMM cunaMM MewMoneKynapHoro npmwKeHw* (BaH-Aep-BaanbcoBbi 

CMJlbl), TO HeJlb3« TOBOpHTb O nOKpblTMM, a TOJlbKO O nOABMWHOM CJlOe CM 33 KM H3 

noBepxHOCTM, TaK ksk nofl B03AeMCTBMewi ABi/iweHi/i* pscnjisBS noriMMepHoro 
wiaTepwana npowcxoAMT nepeABi/iweHi/ie wioneKyn BAorib noBepxHOCTM, T.e. wiaTepuisn 
AecpopMnpyeTca njiacTMHecKM (TeneT B A ojib noBepxHocru). Moneicyjibi 
TepMonnacxMHHbix snscroMepoB cB*3biB3ioTca c noBepxHocrbio nocpeACTBOM 
npoMHbix BOAopoflHbix ww MOHHbix CB*3eM. B npeAene tohkmx cnoeB 
TepMonxiacrnMHbiM snacTOMep o6p33yeT ynpyroe noKpbiTue, cxo>Kee no cpMSMHecKMM 

CB0MCTB3M C TOHKMM CJlOeM Byj1K3HM3MpOB3HHOM peSMHbl. ri03T0My 3TM SjiaCTOMepbl 

Moryr acpcpeKTMBHO npMMeH*Tbca b KanecTBe wiaTepnana An* ynpyroro noKpbm/m, mto 
m npofleMOHCTpwpoBaHO b npuwiepax peannsaunn npeAnaraewioro tsxh i/mecKoro 
peiueHMfl. 

TepMonnacTMMHbie anscTowiepbi, npwo6peT3K)mi4e npw HsrpeBe cnoco6HOCTb k 
nnacri/mecKOM AecpopMa 4 nn, pa3 Aena icrca no CBoewiy crpoeHMio Ha abb Knacca: 6jiok 
conoriMMepbi (c boaopoahom mjim cpwsi/NecKOW CBasbio wie>KAy MoneKyjiawiM) w 

UlOHOMepbi. 

BoAopoAHbie CBfJ3M - 3to npwT^eHne aTOMa BOAopoAa, kotopwm cBa3aH c 
aneKTpooTpnuaTenbHbiM 3tomom b oahom MoneKyne k sneicrpooTpMuaTenbHbiM 

3T0M3M B APyrOM MOHeKyne. HOHHbie CBJ13M B03HMIOIOT M3-33 npMTaWeHM* no/iapHbix 

MOHHbix rpynn pasHbix MoneKyn. OnsMHecKne cBasw - sto cb* 3 m, BOSHMKSiomne Me»Ay 
MoneKynsMM M3-33 pa3AeneHM* cerMeHTOB MoneKyn 6jiok- cononwMepoB b o6-beMe. 

B npocroM cononMMepe MOHOMepw AByx TwnoB nepeMeiuaHbi b 6ecnopaAKe 
unw MepeAytOTCfl. B 6noK-conormMepe MOHOMepbi oahoto TMns coeAMHeHbi b 
AnnHHyio uenoMKy, a uenoMKM AByx mjim 6onee MOHOMepoB coeAMHeHbi koh 4 smm. 
CononMMepbi Moryr npoflBnnTb coBepuieHHO pasnbie cbomctbs n P M tom >Ke 

XMMMMeCKOM COCTSBe. HO P33HOM B33MMHOM pacnOJIOWeHMM MOHOMepOB. BilOK- 

cononMMepbi c AByMa 6noK3MM npMMeHaioTca ksk noBepxHocTHO-aKTMBHbie BeiAecTBa 
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Ana npuroToeneHUfl cycnenzm m swynbCMM. CononwMepbi c Tpewm (wnn 6onbiue) 
6/ioKaMM npenwiymecTBeHHO n P MMeH*K>xca KaK xepMonnacxMMHbie snacxoMepb. (JUS, 
T e P MonnacT M MHb.e peanHb.). Ohm co A ep>KaT "rcecxKMe" cerMeHTbi c xeMnepaxypo* 
cxexnoBaHM* Bbiiue komh3xhom xeMnepaxypb. m "Marx^e" cerMenxw c xeMnepaxypo* 
cxeKnoBaHM* snaMMxenbHO MeHbiue KOMHaxnoM. CooxBexcxBenno. 6hok- cononuMepb. 
xapaKrepwaytoTCH abvm* 3HaMeHMHMM xeMnepaxypb. cxeKnoBaHM*. B xawx cMCxeMax 
>KecTKwe cemenxb. rpynnMpyrcxca BMecxe M o6pa 3 yK)T MHAHBiwanbHue Mumpocpaab. 
b cpe A e MflrKMX cerweHTOB, no A o6Hb.e MM.4enr.aM b 3MynbCM*x. CoeAMHeHMe ksctkmx 
cerweHTOB b MMKpocpaay pa6oxaex KaK cpM3MMecKaa CB*3b aha Manoix cerMenxoB 
no/iMMepnoM ixem m ooecneMMBaex ynpyrocxb MaxepMana. Ha noBbiUJeHHbix 
xeMnepaxypax MMKpocpasb. xecxwx cerweHxcs pasMHrMarcxca, mxo nossonaex 
nepepa6axbiBaxb xepMonr.acrMMHb.il artacxoMep noAo6HO oCbNHOiiy xepMonnacxy. 
OAH3KO n P M He6or.biiJOM npeBbiLueHMM xeMnepaxypb. cxexnoBaHMH >KecxKMX 
cerMenxoB, >«<ecxK.4e cerwenxb. yAep>K M Ba>oxca BMecxe M3 - 3 a HecoBMecmMOCXM c 
MJirKMMM cerMenxaMM, mxo yBer.MMu.Baex oxHomeHMe ynpyroro mow™ k B*3KOMy 
MOAynw Ana Tn3 no cpaBHeHMK) c ocxar.bHb.MM nonnwiepaMW. npw AanbHe&weM 
noBbiujeHMM xeMnepaxypb. M^ennbi pacnaAarcxca. Bhok cononMMepb. c mmcjiom 
6noKOM 6onee fl syx Moryx MMexb nnHewHyK) cxpyKxypy mm cxpyicrypy rpacpx- 
conon^Mepa, Kor fl a k MarKOMy nonnMepy npuBMXb. rcecxKMe cerMenxb.. Xopoiuo 
M3BecTHbi npuwiepb. xpn-6r.0K cononnwiepoB: 

- TnO-C - 6noK-cononMMepbi Ha ocHOBe cn/ipona: c™pon-6yxaAMeH-cx M pon 
(SBS), cxnpon-M3onpeH-cxiipor. (SIS), m c™pon-3XMneH-6yxaAMeH-cx M pon (SEBS), 
-TTIO-E - 6noK-cononi/iMepbi >KecxKMX w Manwx nonnatpupoB, 
-Tn3-A - 6noK-conoriMMepbi wecxKoro nonwawiMAa m MarKoro MHoroaxowiHoro 
cnwpxa (nonMOJia). 

Te P Monr,acx M MHb.e snacxoMepb. co cxpyKxypo* r.MHeMHb.x xpM-6r.OK 
conor. M MepoB KOMMepMecKM A ocxynHb. no A AecaxxaMM xoproBb.x HaMMenoeaHMM, 
HanpMwiep VECTOR® (cm. htt p //www.dexcooolvmers.com^prodsheets/vector 41 1 1 . 
Edf), Styroflex® (cm. htt P -/AAnAyw b as f.d p/h as f/html/ P lastirs/pnnlisch/paqes/styrol/ 
stvrofle.htm) . KRATON® (cm. http://www.kraton.com/), Evoprene® (cm. 
httD://\AfiAW.aip haq arv.com/markets/con ^itmpr html#evoprene) m x.A- 
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nonwypeTaHOBbie 6noK-cononwwiepbi TaioKe coctoat M3 "wmrKwx" cerwieHTOB c 
HM3KOM reiwnepaTypoM CTeioioBaHi/ia m "KecTRMx" cerwieHTOB, KOTopbie wwieKrr 
TewinepaTypy cTeKnoBaHMfl Hawmoro Bbiuue KowmaTHOw TeMnepa-rypbi. Mano/ie 
cerwieHTbi - sro o6biMHo nonwscfwp- mhm nonwac^np-AMon c wioneKyrmpHbiwi BecoM ot 
500 flo 5000 a.e., npewMymecTBeHHO ot 1000 flo 2000 a.e. >KecTKwe cerwieHTbi 

06blMH0 BKJItOMaiOT apOMaTMMeCKMM \AXVA ailMCjDaTMHeCKMM 30141/1 a H3T B COeflMHeHI/lM 

c HM3KOMoneKynflpHbiM fluoneM wnw fluaMMHOM. KoM6nHauwfl stmx "wiflrKMx" w 
">KecTKMx" cerwieHTOB o6pa3yer 6jiok cononwwiep Tuna (AB) n , we n>1. EojibiuwHCTBO 
nonMMepoB TepMOAMHawiMMecKM HecoBWiecTi/iwio w hx cwiecw pa3AenflK>Tca. flawe ecnw 
nonwMepbi asnmoTcn MacTbio oahow wioneKynbi - 6/ioK-cononMMepa, ohm iworyT 
pa3Aen5m>cfl b o6-bewie. noni/iypeTaHbi npoflBn*K>T Asyxc|)a3Hyio o6"bewiHyK> 

MMKpOCTpyKTypy l/13-3a Xl/IMI/IMeCKOW HeCOBMeCTMMOCTM Me>KAy MflrKI/IMM M TBepAbIMM 

cenweHTaMM. B cnynae nonwypeTaHOB wecTKwe cerMeHTbi o6-beAMHflK)TCfl b 
nonyKpucTannnMecKMe AowieHbi, a wiancne cerwieHTbi cjDopwinpyioT awiopcfcHyio wiaTpnuy 
BOKpyr. 06iDeAMHeHMe wecTKWx cerwieHTOB b wiw<poct>a3y o6ecneHMBaeT 4>w3HMect<yio 
cB^3b wie>KAy wiojieKynawiM. riowiwwio 4)i/i3i/mecKOM cba31/i wie>KAy MoneKyjiawiw 
nonwypeTaHbi wwieiOT ci/mbHbie BOAopoAHbie cbh3i/i. CBoficTBa nonwypeTaHOBbix 
anacTOWiepoB m mx xwMHHecKa* CTpyicrypa hoapo6ho pacKpbiTbi b TexHMMecKOM 
nurrepaType (cwi. A. Noshay, J. E. McGrath, Block Copolymers: Overview and Critical 
Survey, Academic Press, New York, 1977; G. Oertel, Ed., Polyurethane Handbook, 
2nd Edit., Hanser, New York, 1993). 

B oTriMMne ot 3Ti/tx H3BecTHbix npi/iwieHeHi/ifii 6noK-conoriMMepoB b KanecTBe 
A06aBOK Ana M3roTOBneHMfi yAaponpoMHbix KOWino3t4UMM, Hanpwwiep ahh 
M3roTOBJieHM5i yAaponpoHHoro nonwcTi/ipona, b npeAnaraewiowi Texni/mecKowi peiueHi/11/1 
npeAnoMTMTenbHo, HTo6bi KaK >KecTKi/ie, TaK w wianwe cerwieHTbi wioneKyn 6jiok- 
cononnwiepoB xapaKTepw30BanMCb wianow aAre3wew k no/inwiepHOMy wiaTepwany. An* 
m^tkhx cerwieHTOB 6jiok- cononnwiepoB wianyio aAre3i/iK> k nonwojiecfcwHawi wwietOT 
cwnoKcaHbi v\ c^TopupoBaHHbie yrneBOAopoAbi. Ct/inoKcaHbi coAep>KaT ABa wnw 6onee 
aTOMOB KpewiHMfi, CB«3aHHbix nocpeACTBOwi oAHoro m/im HecKonbKMX aTOMOB 
KwcnopoAa. KowiwiepMecKt/i AocrynHbi v\ Haw6onee AeweBbi noni/icwnoKcaHbi co 
CTpyicrypOM nonMAMwieTuncwnoKcaHOB, no/inAwc}DeHMJicnnoKcaHOB, nojiwwieTwn- 
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cfreHwncwnoKcaHOB, Hanpwtviep npoAyKTbi noA ToproBow Maptcoii SILRES® ot cjDupwibi 
Wacker (cm. http://\^AAA/.wacker.com/internet/webcache/en US/PTM/TM/S 1LRES/RTV/ 

SILRES MSE100.pdf) . 

nojiMMeTMnctDeHMJicwnoKcaH 1/1 noni/iAWMeTwncwriOKcaH MMetOT oMeHb rw6Kyjo 
5 ( u ivmrKyK> M ) MoneKyn^pHyK) uenb, t.k. coceAHwe cb*3m iwe>Kfly aTOMawiw KpeMHi/w m 
KwcnopoAa wioryT roao6ho HO>KHi/maM !/i3MeH*rrb yron wie>KAy hmmm. 3th nonwMepw 
xapaKTepn3y»oTca Mpe3BbmawHO HM3KOM TewinepaTypow creKnoBaHW* (-86°C m -123°C, 
co oTBeTCTB6 h h o ) . nojii/iAwctDeHi/incwnoKcaH aHanorMMHo nonwcTwpony wwieeT 
M >K©cTKyio" crpyicrypy uenw, TewinepaTypy cTeKnoBam/m Bbiiue komh3thoii (49°C) i/i 

io o6ecneMMBaeT cJ)M3MMecKyjo CB*3b Me>KAy nonnwiepHbiMM uermMW. TepMonnacTMHHbie 
pe3HHbi Ha ocHOBe 6jiok conont/iMepoB, Hanpi/iMep tpw-6jiok cononi/iMep co 
CTpyioypow ABA, rAe A - nonwfXwdjpBHwncMnoKCBH , B - nonnAMMeTMncwnoKcaH, MoryT 
6biTb nonyMeHbi aHanon/iMHO (cm. naTeHT CUJA Ns 3,337,497), wcnonb3yfl km HeTi/i MecKi/i 
KOHTponnpyeMyjo noj™Mept/i3ai4WK). Bjiok cononwMepbi Ha ocHOBe nont/ici/uioKcaHOB co 

is CTpyicrypoM ABA w (AB) n , rAe n > 1, ynoMHHyrbi b naTeHTe CLUA N° 5,624,754. 
!/l3BecTHbi TepMonnacxMMHbie anacTowepbi, BKmoHajomwe nonuiAWMeTi/inci/inoKcaH m 
KecTKne opraHMMecKwe ceriweHTbi. Mopcfco/iorw* m MexaHwnecKwe cBOwcrBa 
cononwMepoB Tuna ABA i/i (AB) n , rAe A - nonwcTwpon, B - nonwAWMeTi/mcvmoKcaH, 
n>1, 6bmw BnepBbie i/i3yneHbi b Hana/ie 80-x toaob b pa6oTax P. Bajaj, S. K. 

20 Varshney, A. Misra, J. Polym. Sci. Polym. Chem. Ed., 1980, 18, 295 m S. K. Varshney, 
C. L. Beatty, Org. Coat. Plast. Chem. Proa, 1981, 45, 152). Mopfyonoma w 
wiexaHMMecKMe CBowcTBa 6jiok conoJiUMepos non w a n MeTwncuno Kca ho b c 
nonwypeTaHaMM m c MOMeBMHofi 6bmi/i M3yMeHbi b pa6oTax I. Yilgoer, G. L. Wilkes, J. E. 
McGrath, Polym. Prep., 1983, 24(2), 80; I. Yilgoer, A. K. Shaaban, W. P. Steckle, Jr. D. 

25 Tyagi, G. L. Wilkes, J. E. McGrath, Polymer, 1984, 25, 1800 m D. Tyagi, I. Yilgoer, J. E. 
McGrath, G. L. Wilkes, Polymer, 1984, 25, 1087. rioKa3aHO, hto b 06-beiwe stmx 
TepMonnacTHMHbix nani/iwiepoB npoi/icxoAMT MWKpo<£a3Hoe pa3AeneHi/ie, mto 
o6ecneMMBaeT ynpyrwe cBoficTBa wiaTepwana. TepMonnacn/NHbie anacTOMepw Ha 
ocHOBe 3Tmx 6jiok cononuiMepOB wwieioT HawiHoro nymiiwe MexaHMMecKwe CBOficTBa no 

30 cpaBHeHi/ito c o6biHHbiMM CMfiMKOHOBbiMM pe3WHaMW. MHorom/icneHHbie npi/iMepbi 
TepMonnacTMMHbix 6jiok conq/WMepoB Ha ocHOBe cwnoKcaHOB, crrapona w era 
npoM3BOAHbix npeACTaBJieHbi b naTeHTax CILIA N°N° 5,597,651, 5,665,822. 
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Mopcponorwa w cBoficTBa anacTOMepoB Ha ocHOBe 6/ioK-cononnMepoB 
nonwAHMeTHJicM/ioKcaHa c nonwypeTanaMM w mombbmhom 6bmw AeTanbHO M3yMeHbi b 
pa6oTe (cm. httD://scholar.libvt.edu/theses/available/etd-72698-13572/unrestricted/ 
Disswhl2.pdf) . CTpyicrypa m CBOWCTBa 6hok cononwMepoB cwnoKcaHOB w 
nonwypeTaHOB ws/ioweHa b naTeHTax CI1IA N2N2 3,562,352, 6,291,587, 6,627,724. 
Mopcponoraa HeKOTOpbix APyrux 6/ioK-cono/iWMepoB nonwAMMeTwncwnoKcaHa 
AOCTaTOMHO M3yMeHa (cm. http://scholar.lib.vt.edu/theses/ava ilable/etd- 

38391 1 142975720/unrestricted/etd.pdfi . 

l/!cnonb30BaHi/ie c KaMecree Ao6aBOK TepMonnacTWMHbix anacTowiepoB c 
xuMMsecKow CTpyicrypoM 6jiok cononwMepoB W3 >KecrKMX nonniwepoB (A) m wmrKwx 
nojiMMepoB (B), rAe weenie nonnwiepbi xapaicrepw3yioTca TeMnepaTypow 
cTeioioBaHMH Bbiuie KOMHaTHOw, ho Hwwe TeMnepaTypbi cpopwioBaHMH yKa3aHHbix 
nojiwonedpuHOB, no3BonaeT HanocwTb ynpyroe noicpbiTwe oca^eHwewi AooaeoK, t.k. 
npw TewinepaType cpopMOBaHw*? TaKwe snacTOwiepbi cnoco6nbi k nnacrwMecKOW 
AecpopMauMM. Mcnojib30BaHne b 6noK-cononwMepax MarKwx axiacTOMepoB c 
TeMnepaTypow creKnoBaHwy? Hwrce komh3thow ynymuaeT ynpyrwe cBowcrBa noKpbm/m. 

Hcnonb30BaHMe nwnewHbix 6noK cononwMepoB A(BA) n , rAe n>0, wnw (BA) m , rAe 
m>1, wnw rpacpT-cononMMepoB, KorAa k MflrKowiy noni/iwiepy npwBWTbi, no KpawHefi 
wiepe, ABa 6okobwx cerwieHTa wecrKwx nonwMepoB, ynymuaeT ynpyrwe CBOMCTBa 
noKpbiTMJi w yBenuMMBaeT 6e3AecpeicrHyio cKopocrrb 3KCTpy3WM. npewMymecTBeHHO, 
Ann HaHeceHun ynpyrwx noKpbrrww cneAyeT wcno/ib30BaTb TepMonnacTWMHbie 
anacToiwepbi c TewinepaTypofi cTeicnoBaHMfl jKecrowx cerwieHTOB Bbiiue TeMnepaTypbi 
rmaBJieHi/i* nojiwMepHoro wiaTepwana, TaK KaK OTHoiueHi/ie ynpyroro MOAyna k B*3KOMy 
MOAyJW B03pacraeT c ywieHbiueHMeM pa3HMUbi wie>KAy TeMnepaTypow CTetcnoBaHwa 
Ao6aBOK m TeMnepaTypow cpopMOBanwa. OTHOiueHne ynpyroro MOAyn* k B*3KOMy 
MOAYJiK) B03pacrraeT TaioKe npw wcnonb30BaHww b KawecTBe Mflrxwx cerMem-oB 
nonwMepoB c TeMnepaTypow cTeKnoBaHwa HaMHoro MeHbiue komh3thow 
TeMnepaTypbi. 3naMeHwa TeMnepaTypbi cTexnoBaHWH ppn HeKOTopwx nonwMepoB 
npwBeAeHo Ana cpaBHeHwa b Ta6n.1. 
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Ta6nwLia 1 . 


nojiMMep 


TeivmepaTypa cTemioBamifl 


nonui3(tiMpcyjibc[DOH 


190°C 


nonMBMHunnupponnflOH 


160°C 


nonwKapSoHaT 6wccJ)eHona A 


150°C 


nonMMeTHJiMeTaKpwnaT 


120°C 


nonwcTwpon 


. 100°C 


n on MTeTp a c|dto p otm ne h 


-73°C 


nonwMeTMn<$eHwncwnoKcaH 


-86°C 


nonnAMMeTMncwnoKcaH 


-123°C 



Mcnonb30BaHne b KaqecTBe >KecrKMX cerwieHTOB nonwwiepoB m cnep,yK>u\e\A 
rpynnw: nonwscpwpcynbcpOH, noni/iBi/mvinnvipponi/iAOH, nonwiueTMnMeTaKpii/iaT, 
nonwcTupon, >KecTKMM nonwMMMA, noni/iypeTaH, no3BormeT yBenvmwTb aAre3MK> 
noKpbiTi/in k MeTannawi w ynpyrne cBotfCTBa noicpbiTHfi, T.e. yiweHbWMTb M3Hoc 
noKpbiTMfl m yBsnuMMTb cKopocxb 6e3AecpeicrHotfi 3Kcrpy3MM. Mcnonb30BaHwe b 
KanecTBe winrKMX nonwwiepoB nonwwepoB M3 c/ieAyioineii rpynnw: 
nojiMAMMeTWJiCMJioKcaH, nonMMeTwncpeHMncMnoKcaH, noni/rreTpacpTopsTi/ineH, 
cpTopupoBaHHbiw noni/isTi/ineH, Manci/ie cononwwepbi cpTopupoBaHHbix nonwonecpMHOB 
c cooTHoiuew/ieM aTOMOB cpTopa k aTOiwiawi ymepoAa He wieHee 1:2, no3BonaeT 
yiwieHbiunTb aAre3M»o ynpyroro noKpwTMH k pacn/iaBy nonwonecpwHOB, T.e. yBeni/wwTb 
cKopocrb 6e3AecpeKTHOM 3Kcrrpy3wn. 

MHorwe copTa pe3MHbi c KosaneHTHbiMM CBa3flMi/> wnvi BynKaHM3npoBaHHbie 
anacTOMepbi TepaiOT cbom ynpyn/ie CBOMCTBa npvi HarpeBe, cTaHOBfrrc* nwnKMMM w 
pa3naraK>Tca npw TewinepaType 180 - 200°C, xapaicrepHow Ana nepepa6oTKM 
nonwMepHbix wiaTepnanoB 3KCTpy3i/iew. CpeAM coptob BynKaHM3wpoBaHHbix 
anacTowiepoB (pe3MHbi), coxpaHnromux ynpyrocrb npw TewinepaType cpopwioBaHi/m 
TepwionnacTMMHbix nonwwiepHbix wiaTepwanoB, mojkho BbiflenwTb ABe Han6onee 
CTofiKMe k HarpeBy w snacTMMHbie npw TewinepaType cpopwioBaHwa Tepwionnacri/iMHoro 
wiaTepwana rpynnw: 

• (pTopwpoBaHHaa pe3MHa, T.e. pe3MHa, nonyMeHHa* BynKaHM3amiefi 
CpTopupoBaHHbix anacrowiepoB c wioneKynapHbiwi BecoM He wieHee 10 000 npvi 
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cooTHOiueHMM MMcna aTOMOB cjrropa k aTOWiawi ymepoAa He MeHee 1:2, b 
MacTHOCTW, pe3MHa, nonyMeHHafl BynKaHM3ai4Mew nonHOCTbio <t>TopnpoBaHHbix 
snacTOMepOB, 

• cM/iMKOHOBafl pe3MHa, T.e. pe3MHa, noxiyMeHHaa BynKaHH3ai4ne£i cMJWKOHOBbix 
anacTowiepoB, m b MacTHocTM, cfrropHpoBaHHaa cwrwKOHOBafl pe3WHa, T.e. 
pe3MHa, nonyMeHHa^ BymaHi43ai4i4ei4 cjDTopupoBaHHbix cwjiMKOHOBbix 
anacroMepoB c cooTHOiueHweM Koni/mecTBa aTOMOB ctrropa k aTOMawi ymepoAa 
He wieHee 1 :2. 

TepMMH M ByjiKaHM3auM5! pe3WHbi tt MOKeT 6biTb onpefleneH kbk peaKuwa, b 
KOTopoCi MaTepna/i npwo6peTaeT cnoco6HOCTb k o6paTMMOM Ae$opMai4i4t4 noA 
AewcTBuewi MHoroKpaTHOM Harpy3KM b pe3ynbTaTe o6pa30BaHWfl KOBaneHTHbtx CB*3eCi 
wie>KAy MoneKynaMM. CymecTByeT Tpw ochobhhx wexaHi43Ma BynKaHM3ai4MM 

CMflMKOHOBblX SJiaCTOMepOB, 4>TOpMpOBaHHblX SJiaCTOMepOB, CjjTOpwpOBaHHblX 

anacTOMepoB, MOAwcfiumMpoBaHHbix ci/maHOM, m cononnwiepoB 4>TopwpoBaHHbix 
nonnwiepoB c ci/inaHowi: 

• cBo6oAHO-paAMKanbHbiCi MexaHi43M, 

• noJiwKOHAeHcaut/ifl, 

• rwAPocwriMpoBaHMe. 

BynKaHM3ayn^ cjyropwpoBaHHbix anacTOMepoB u nonwcwnoKcaHOB MO>KeT 
npoMCXOAWTb no CBo6oAHO-paAHKanbHOMy MexaHM3wiy npi/i HarpeBe b n p m cyTCTBM w 
cuiHBaKDiAWX areHTOB, Hanpwwiep, npi4 TennoBOM pa3no>KeHMti opraHWMecKwx 
nepoKci/iflOB (cujuiBatouJiMX areHTOB). CymecTBytoT HecneuwcfcuMHbie m cneuwtfcwHHbie k 
bmhmji rpynne nepoKCMAbi. riepoKCMAbi, cneuwcfDMMHbie k bmhmji- rpynne, 
o6ecneMMBaiOT ByxiKaHM3auMK) anacTOMepoB, coAepwaLuwx bmhwji- rpynnw. 
OnTMMaribHoe cooTHoweHwe Me>KAy KonumecTBOM cbipbix 3/iacTOMepoB m nepoKcuAOB 

M3BeCTHO 143 TeXHMMeCKOW 14 PaTeHTHOM HMTepaTypbl. Cepbe3Hb!M HeAOCTaTOK B 

Mcnojib30BaHi4i4 opraHMMecKMX nepoKCMAOB aha BynKaHM3aui4i4 b tom, mto ohm wioryT 
npoi43BOA»4Tb noni4MepM3aui4K> He TonbKO anacTOMepa, ho m cawioro 
TepMonnacTMMHoro MaTepnana. 

RepoKCMAbi ujwpoKO i4cnonb3yiOTC« TaioKe pf\n MOAwcfcMKauviM nonwonecfMHOB opraHO- 
4)yHKUMOHanbHbJMi4 cvinaHaMM, nanpwviep Bi4Hi4jrrpi4MeTOKCi4- cw/iaHOM i4Jiw 

BI4HI4J1TPM3T0KC14- CMJiaHOM. npi4C0eAMHeHI4e OpraHO*yHKUl40HanbHb(X Cl4JiaHOB c 
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nerKorMApojiM3yeMbiMM rpynnawin k noni/iMepHbiM MonenynaM, Hanpi/iMep MoneKyxiaM 
4}TopwpoBaHHbix anacTowiepoB wjim MoneKynawi nonwci/moKcaHOB, no3BonaeT 
npoBbAMTb BynKaHM3auwK) cbiporo anacTOMepa no peatotMM nonnKOHflencaLiMM, T.e. b 
npMcyTCTBMi/i napoB BOflbi. XHMi/mecKaa KOMno3Mi4i/m ncnorib3yeMbix b 
5 npoMbiiuneHHoc™ nepoKCWAOB m ci/inaHOB m TexHonorwa MORVKfrMKaww nonwwiepoB 
cMJiaHaMM noAPo6HO M3no>KeHbi b paSoTe D. Munteanu, "Crosslinking and controlled 
Degradation of Polyolefins" (cm. KHwry Hanz Zwelfel, Ed., Plastics Additives Handbook, 
5nd Edit., Hanser, Munich, 2001, 725-811). 

KOMn03MUMM Ha OCHOBe CMHOKCaHOB, MOflMC|3MI4MpOBaHHblX CMHaHOM, 

io conoriMMepoB cunoKcaHOB i/i opraHO-ckyHKLiMOHa.nbHbix cwnaHOB, Macro Mcnonb3yK>TCfl 
b aAre3MBax, BynKaHi/i3i/ipyiomMxcfl nofl flewcTBMeM napoB boaw na B03Ayxe npi/i 
KOMHaTHOM TeMnepaType no peaKunw noni/iKOHAeHca 141/1 w. Ana Toro, mto6w 
npeAOTBpaTMTb BynKaHM3ai4WK) noA Ae^cTBMeM napoB boaw bo Bpewifl xpaHeHwa, b 
cocTaBe T3KMX KOMno3MMMM AononHirrenbHO n p 1/1 cyrcTBy iot nerKorwApojiM3yeMbie 

15 opraHO-cjDyHKUVioHanbHbie cwnaHbi c TeMnepaTypofi Kt/ineHMfi b Awana30He 120 - 
160°C, Hanpuiwiep Tpt/iMeTOKCncwnwjinponaH. TaKi/ie Ao6aBKM pean/ipyrcrr c boaom, 
npoHi/warometfi b ynaKOBKy, w npeAOTBpamarcrr BynKaHM3ai4i/iK) nonwMepHbix MoneKyn. 
Ha OTKpbiTOM B03Ayxe neTyMwe cwjiaHbi t/icnapaiOTCfl M3 KOMno3wi4i/ii/i v\ nonwwiepbi 
ByriKaHM3iipyioTC«. nonynpoAyKTawiw npoqecca cujmbkw flBnaKrrcfl neTyqwe 

20 coeAMHeHwa, Hanpwwiep, cnwp-rbi, yKcycHan KMcnoTa 1/1 awiMHbi. 

BynKaHM3ai4M^ cJrropi/ipoBaHHbix anacTowiepoB, MOAW$i/ii4i/ipoBaHHbix opraHO- 
c|3yHKMMOHanbHbiMM CMJiaHawiw, cononwMepoB 4>TopnpoBaHHbix anacrowiepoB 1/1 
opraHO-4)yHKUMOHaxibHbix ci/inaHOB, ci/inoKcaHOB, MOAw4>wi4i/ipoBaHHbix opraHO- 
c|3yHKUMOHanbHbiMM cwnaHaMM m cononMMepoB ci/inoKcanoB 1/1 opraHO- 

25 cfryHKMMOHanbHbix cuinaHOB MO>KeT npowcxoAHTb b npi/icyrcTBMi/i napoB boaw m 
KaTanM3aTopa. TaKi/ie snacTOMepbi mo>kho i/icnonb30BaTb b KaMecTBe 
oAHOKOMnoHeHTHOM Ao6aBKM. BynKaHM3ai4M« cMecw nerKon/iAponw3yeMbix cwxiaHOB i/i 
(^TopwpoBaHHbix onacTOMepoB c rwApoKcuixi rpynnawt/t wim nonwcwioKcaHOB c 
rwAPOKCMn rpynnaMUi TaioKe MOweT npowcxoAMTb no peaKqwn nonwKOHAeHcauMi/i, T.e. b 

30 npi/icyTCTBi/iM napoB boaw. Cm ecu 3Ti/ix anacTOMepoB c cwnaHaMi/i mo>kho 
Mcnonb30BaTb b KaMecrBe AByxKOMnoHeHTHofi ppGaswA. 
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Pe3MHa, K3K w 6o/ibLUMHCTBO nojiwMepHWX MaTepi/iaJiOB, npoHMMaewia fin* 
napoB BOAW, nosTOMy npn ycnoBi/m nonaAani/ifl napoB boaw Ha bwxoa cfcopMyromero 
ycTpowcTBa, HanpMMep, MyHAunyKa, BynKaHM3aqwfl cooTBeTCTByiomwx Cbipbix 
3nacroMepoB i/inw cwiecw snacTOMepoB c cwiaHaMM, cnoco6Hbix k BynKaHwaaqnM b 
5 npwcyTCTBMM BOAbi no peaKUMM nonnKOHAeHcaqnw, MO>KeT npowcxoAWTb He ToribKo Ha 
BbixoAe MyHAUJTyKa, ho w Ha HeKcrropoM paccTOAHHW ot BbixoAa. Ecnw He npMHMwiaTb 
cneunanbHbie Mepw nna ocywKw B03Ayxa, o6AyBaiomero BbixoA <£opMy»omero 
ycrpowcTBa, to napw boaw, HopiwajibHo npwcyTCTByiomMe b B03Ayxe, o6ecnenMBaK>T 
BynKaHW3ai4WK> noKpbrra* B6nw3ii BbixoAa W3 (fcopMyjo^ero ycTpoficTBa. flnwHa cnoa 

10 BynKaHM3MpoBaHHoCi pe3MHbi sQnmw BbixoAa onpeAermeTca CKopocTb«o pwcbdpy3iA\A 
napoB BOAbi b pe3MHe w yBerwHHBaeTca co BpewieHewi. flna n\Adpcpy3vw\ napoB boah 
BHyTpb pe3HHb! Ha my6wHy 2 mm Tpe6ye*rcfl 6onee 2 nacoB. TojiinMHa 
o6pa3yioiiierocfl noKpwTi/m b stom cnyMae 6yAeT nepeMeHHow, a HMeHHO - c 
yBenwMeHneM touiahhw noKpwTMH b CTopoHy BbixoAa m cfcopMyjomero ycTpowcTBa, 

is HanpwMep, BbixoAa M3 MyHAUJTyKa. Ecjim He npwHMMaTb cnem*anbHwe Mepbi no 
yAaneHMJO boaw W3 noriMMepHoro MaTepnana, to ByrtKaHM3ai4i/m noA AeficTBweM 
napoB BOAbi , pacTBopeHHbix b noiiMMepHOM MaTepi/iane, MOweT nponcxoAMTb w 
BHyTpw 3KCTpyAepa. CoAepwaHwe napoB boaw b TaKwx HenorwpHwx nonwMepax, KaK 
nonwonecfci/iHW, cocTaBnaeT 30 - 60 nacTew na mi/ijijihoh, a ppa cononi/iMepoB c 

20 normpHWMW rpynnaMM Ti/ina 3tmji b m h mji a LjeTaT cocTaBJiaeT 300 - 400 sacrew Ha 

MMJUIMOH. 

CKopocTb peaKuww noriMKOHAeHcauuM 3HaMMTeribHO B03pacTaeT b npwcyTCTBMM 
KaTanw3aTopa. fljia peaKunn nonnKOHfleHcauMM M3BecTHbi KaTani/i3aTopw Ha ocHOBe 
coeAMHeHMw BKnjOMaioLLiMX, ho He orpaHi/meHHwx MeTannaMM i/i coeAWHeHM«MW 
25 MeTannoB M3 cneAyJomew rpynnw: ojiobo (Sn), TMTaH (Ti) f cBMHeu (Pb), Ko6anbT (Co), 

K3AMMM (Cd), KanbLIMM (Ca), UMpKOHMil (Zr). 

flpyrow cnoco6 BynKaHM3aMMW cwjwkohobwx snacroMepoB, cjyropwpoBaHHwx 

SJiaCTOMepOB W Cf>TOpwpOBaHHWX CWJIMKOHOBblX 3JiaCTOMepOB, COAep>KaU4MX BI/IHI/1J1- 

rpynnw, - sto rMAPOcwnnpoBaHwe (hydrosilation) - T.e. peaKqi/ia c cwnoKcaHaMM, 
30 coAep>KamMMM rpynnw KpeMHww-BOAopoA Si-H. CooTHOiueHHe Me>KAy ci/inoKcaHaMM, 
C0Aep>Kau4MMH Si-H rpynnw, h noniiMepaMi/i, coA©P>Kami/iMW bmhmji- rpynnw, MO>KeT 
Kone6aTbCH b lumpokom Awana30He ot 1:1 ao 1:100. Tmapha- m bwhwji- rpynnw Moiyr 
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6biTb MacTflMM oahow noni/iwiepHoft uenoMKM cwriMKOHOBoro anacTowiepa wnw 
cpTopwpoBaHHoro cwriMKOHOBoro anacTowiepa. PeaKuwsi 3Ham/rrenbHO ycKopaeTCH npn 
yBennMeHMM TewinepaTypbi 1/1 b npwcyTCTBMM KaTanM3aTopa (nnaTMHOBoro mjim 
poflneBoro KoivmneKca, xota cymecrByioT w flpyrwe KaTanM3aTopbi Ha ocHOBe 
NieTannoB nnaTMHOBofli rpynnw). B naTeHTe CIJJA Ns 2,970,150 noKa3aHO, hto 
KaTanwTvmecKOw aKTMBHocTbio o6naAaeT MMCTbifl wieTann nnaTWHbi, Hanpwwiep 
nnaTMHa, ocawAeHHaa Ha aKTMBwpoBaHHbiw yronb wnn MenKOAwcnepcHyio oKMCb 
anioMMHMa. B naTeHTe CIJJA 4,578,497 noKa3aHa KaTanuiTMMecKaa aicrviBHOCTb 
AMOKCMAa nnaTMHbi. BbinonHeHwe row noeepxHOCTM ycTpoficTB ana (popMOBaHMfl 
pacnnaBa nomnwepa, KOTopaa npeAHa3HaMeHa pj\n KOHTaicra c pacnnaBOM nonwwiepa, 
c Ao6aBKaMM wieTannoB m/mhm coeAWHeHi/iw iweTannoB, a TaioKe wx cnnaeoB, 
BioiiOMaioiAMx MeTannw M3 nnaTMHOBofi rpynnbi: nnaTMHa (Pt), nannaAww (Pd), poamw 
(Rh), upMAHW (Ir), pyTeHMCi (Ru), ocmmm (Os), o6ecnewMBaeT BynKaHM3aqnio cno* 
cwii/ikohoboh pe3MHbi b peaKUnn ruApocMnwpoBaHMfl Ha noBepxHocro. 
ranbBaHMMecKwe noKpbi™* Ha ocHOBe nnaTMHbi, nannaAWfl w poam* no3Bon$iioT 
nonynnTb npoMHyio, M3HOCocroMKyio noBepxHocrb c xopowew aAre3wew cwimkohob k 
TaKoii noBepxHOCTM. 

Bo3MO>KeH BapwaHT, b kotopom Ha pe3MHy OAHoro copTa HanocMTCH ynpyroe 
noKpbiTwe M3 pe3MHbi Apyroro copTa. B sacrHocTi/i na noBepxHOCTM cwni/iKOHOBoui 
pe3MHbi MO>KeT npowcxoAMTb oca>KAeHMe m BymaHW3aMM* cpTopwpoBaHHOW 
cwnnKOHOBOM pe3WHbi wni/i (pTopwpoBaHHOM pe3MHbi Ha ocHOBe ymeBOAopoAOB. 

H3BeCTHO, MTO COpTa CUinHKOHOBOM pe3MHbl, CnOC06HOM K BynKaHW3ai4MM nofl 

AeMCTBfieiw napoB boaw, wwieioT xopowyio aAre3MK> k MeTanny w oKucnawi-MeTannoB w 
MoryT 6biTb wcnonb30BaHbi pj\a yBenwMeHWH aAre3MM noBepxHOCTM k APyrwM copTawi 
cwnnKOHOBOM pe3MHbi. Ha noBepxHOCTb TaKoCi cwii/ikohobow pe3MHbi wio>KeT 
nponcxoAMTb oca>KAeHMe cpTopwpoBaHHbix anacTOMepoB, Hanpwviep (pTopi/ipoBaHHbix 
cwnMKOHOB, cnoco6Hbix k BynKaHM3auwM b npucyTCTBUM napoB BOAbi. Hcnonb30BaHwe 
TaKoro MHorocnoCiHoro ynpyroro noKpbiTMfl no3BonneT ywieHbiiji/iTb a6pa3WBHbiw M3HOC. 
B Apyrowi sapwaHTe Ha noBepxHocrb BynKaHM3MpoBaHHOM cwni/iKOHOBOM pe3MHbi 
npowcxoAMT oca«AeHne ynpyroro noKpbiTMfl m TepMonnacri/iMHofi cwjimkohobom 
pe3MHbi. B cneAyromeM BapwaHTe, Ha noBepxHOCTb CHawana HaHOcyrr cnofi ynpyroro 
noKpbiTW« M3 cunMKOHOBOM pe3MHbi, coAepwamew b KaqecTBe nanoriHMTen* unw 
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flo6aBOK coefli/iHeHi/ifl wnw nopoujoK wieTajruioB m cnnaBOB MeTawioB n/iaTi/iHOBotf 
rpynnw. TaKOM cnoii cwjimkohobow pe3WHbi wioweT 6biTb HaHeceH oca>KfleHMeM 
Ao6aBOK, cnoco6Hbix k BynKaHM3auMM b peaKUMM nonnKOHAeHcauwu. TorAa Ha 
noBepxHOCTM TaKofi pe3MHbi wioweT npoi/icxoAHTb BynKaHM3auvm cmjimkohob APyoro 
copTa, a MNieHHo - Tex cmjimkohob, KOTopwe cnoco6Hbi k By/iKaHH3ai4MM no peaKUMM 
rwAPOCMJiMpoBaHMfi. Cjiom cwiviKOHOBofi pe3MHbi, coAepwamefi Ao6aBKM 
KaTanw3aTopoB, MoweT 6biTb HaHeceH b npouecce cpopMOBaHi/ia TepwionnacrMMHoro 
wiaTepwana, win cneunanbHO wioweT 6biTb M3roTOBJieH MyHAUJTyK m Apyroe 
o6opyAOBaHMe ana cpopwioBaHMfl c yKa3aHHbiiw pe3MHOBbiM noKpbiTMewi Ha 
noBepxHOCTM, npeAHa3HaseHHOui ah« KOHTaicra c pacnnasowi nonnwiepHoro 
wiaTepnana. 

Oca>KAeHMe m BynKaHW3auMH pe3MHbi iwo>KeT npoi/icxc-AWTb npn pa3AeribHoft bo 
BpewieHM noAaMe KOMnoHeHTOB anacTowiepoB, Hanpuwiep, b KanecTBe ao63bok 
anacTowiepa b normwiepHOM wiaTepwane CHaMaxia noAaroT cwnwKOHbi, coAepwami/ie 
HeHacbimeHHbie cb*3M ymepoA-ymepoA (C=C) c KaTanw3aTopoM peaKqun 
mAPOCMXiwpoBaHwyi, a 3aTeiw cw/iMKOHbi, coAepwaujwe cbazw KpewmMtfi-BOAopoA (Si-H). 
CooTBeTCTBeHHO, Hao6opoT, mo>kho cHaMana noAaBaTb cw/iMKOHbi, coAepwamwe 
cb«3m KpewiHMM-BOAopoA (Si-H) c KaTajiM3aTopowi peaKi4MM ruApocMxiMpoBaHMfl, a 
3aTewi cunwKOHbi, coAep>KaiAMe HeHacbimeHHbie cb*3W ymepoA-yrnepoA (C=C). 
Mo>kho HaHocMTb ynpyroe noKpbrme, MepeAya Ao6aBKM b npoqecce cpopwioBaHMfl. 
TaKMM o6pa3owi, nponcxoAMT nocnoifiHoe oca>KAeHne m nepeMeuwBaHwe KowinoHeHTOB 
anacTowiepa Ha noBepxHOCTM wiyHALUTyKa. Pearnpytomwe KowmoHeHTbi anacroMepoB 
wioryr 6biTb pa3Ae/ibHO nepewieuiaHbi c nonwwepHbiM wiaTepwanoM m npwroTOBneHbi b 
BMAe rpaHy/i AJifl xpaHeHi/m w A03fipoBaHMH. B stom cjiynae MoweT npoM3BOAMTbca 
pa3AenbHafl bo BpewieHM noAana rpaHyn c pa3HbiMM Ao6aBKawiM, a cwieujMBaHMe w 
BynKaHM3am«i snacTOWiepoB o6ecneHMBaeTca ni/iuib Ha noBepxHOCTM ycrpowcTB a^ 
cpopwioBaHMfl pacnnaBa TepMonnacrnMHoro noni/iNiepHoro wiaTepwana, KOTopwe 
HaxoAHTCfl b KOHTaicre c pacnnaBOM nonwwiepHoro wiaTepwana. 

HaHeceHne Ha noBepxHOCTb wieTannoB ynpyrwx noKpbiTMM, KOTopwe M3onwpyK)T 
M.eTann ot KOHTaicra c pacnnaBOM nonviMepHoro wiaTepwana, o6ecnem/iBaeT 
MHorom/icneHHbie TexHi/mecKMe npei/iwiymecTBa, b MacTHOcTM: yBeni/meHwe 
6e3AecpeKTHofi ckopoctw 3Kcrpy3Mi/i npoAyKTa, ywieHbiueHMe AaBJieHi/ui npeccoBaHW*. 
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yMeHbiueHwe noTpe6naeMOM npi/i cjDopMOBaHMM mouihocti/i, yMeHbweHwe 
TewmepaTypb! 4)opMOBaHi/ifl, ywieHbiueHMe Tepwii/mecKoro pa3no>KeHMfl nonwMepHoro 
MaTepwana b 3acTouiHbix 30Hax, ynymuem/ie BHetiiHero Bn/^a wsaenm, yMeHbiueHMe 
a6pa3MBHoro M3HOca MeTanna, yMeHbiueHwe Koppo3i/iw wieTanna ot KOHTaKTa c 
5 pacnnaBOM nonwMepHoro MaTepnana m >kmakocthmh ana oxna>KAeHMfl w o6pa6oTKM 
npoAy^Ta. 

06o6ujaH aHann3 npeA/iaraeMbix TexHMMecKMx penieHnw, mo>kho OTMeTMTb, mto 
ynpyroe noKpbrme HaHoci/rrca Ha noBepxHOCTb, HaxoAflmyjoca b KOHTaicre c 
pacnxiaBOM nonwMepHoro MaTepwajia, npewMyujecTBeHHo nyTeiw oca>KAeHi/i* Ao6asoK 
10 anacTOMepoB 1/13 pacnnaBa TepMonnacTWMHoro MaTepi/iaxia. B KanecTBe Ao6aBOK 
Haw6onee Lienecoo6pa3HO ncno/ib30BaTb cneAy»ou4Me anacTOMepbi: 

• TepMonnacTMMHbie anacTOMepbi, KOTopbie pasMarMaioTca, ho coxpaH^ioT 
ynpyrae CBOMCTBa npw TeMnepaType cfcopMOBaHi/m. TaKi/ie anacTOMepbi 
o6ecneHMBaK)T HaHeceHwe ynpyroro noKpbm/ia Ha noBepxHocrw, 

is HaxoAHiyeficfl b KOHTaicre c pacnxiaBOM. l/1cnonb30BaHi/»e TepMonnacTi/iMHbix 

anacTOMepoB - 3to Haw6onee npocrow cnoco6 HaHeceHwn ynpyroro 

nOKpblTMfl. 

• 3nacT0Mepbi, KOTopbie By n Ka h i/i 3 i/i py jotch no peaKLiw/i rwAPoewnwpoBaHWfl 
mj™ no peaKUMM noni/iKOHAeHcaLjwu. 

20 B KaMecTBe Ao6aBOK mo>kho wcnonb30BaTb pjsyxKO m no He hth bie CMecM npw 

ycnoBi/iw coBMecTHOM mjim pa3AeribHOM noAaMW KowinoHeHTOB CMecw. B KaMecTBe 
Ao6aBOK mo>kho ncnojib30BaTb KaTanw3aTopbi cooTBeTCTByfoujMX peaKquw m HaHOCMTb 
KaTariM3aTop Ha noBepxHOCTi/i, Haxoppusyiecn BKOHTaicre c pacnnaBOM. ripi/i ycnoBW/i 
ncnonb30BaHM^ opraHnnecKnx nepoKCMAOB b KanecTBe CLUMBaiomMX areHTOB, 

25 HaHeceHwe ynpyroro noKpbiTMfl o6ecneMMBaeTCH HarpeBOM crenm MyHAurryica Bbiwe 
TeiwnepaTypbi pa3no>KeHM« nepoKCMAOB, ho Hi/iwe reivinepaTypbi pa3no>KeHMfl 
TepMonnacTMMHoro nonviMepHoro MaTepi/iana, HanpwMep, s6nm\A BbixoAa M3 
MyHAUJTyKa (cm. naTeHT CLUA Ns 4,578,497). 

CyiAHOCTb 3aaBJiHeMbix i/i3o6peTeHi/iw noHCHaeTCfl npi/iMepaMi/i peanw3ai4Wi4 w 

30 rpacjDMHecKMMM iwaTepwanaMM. 
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Ha cpwr.1 npeAcraBneHbi KpMBbie M3MeHeHi/ia ynpyroro w Ba3Koro MOAyna Ana 
pacnnaBa nonwsTwneHa b 3aBwcwMocTW ot MacTOTbi flecpopwiauMM npn TeMnepaType 
165 6 C. 

Ha cpnr.2 npeAcraB/ieHbi KpMBbie M3MeHeHwa ynpyroro m B«3Koro MOAyna Ana 
(pTopwpoBaHHoro no/iMMepa VITON b 3aBwcwMocTM ot MacTOTbi Aecpopwiaunn npn 

TewinepaType 165°C. 

Ha cpnr.3 npeACTaBneHbi KpMBbie mMenemn ynpyroro w Ba3Koro MOAyna Ana 
(pTopMpoBaHHoro nonwiwepa DYNAMAR b 3aBMCMMOCTw ot MacTOTbi Aecpopwiaunw npn 

TeMnepaType 1 65°C. 

Ha cpnr.4 npeACTaaneHbi KpMBbie M3MeHeHMa ynpyroro m Ba3Koro MOAyna Ana 
cmhukohobom pe3MHbi RT-601 b 3aBMCMMOCTM ot MacTOTbi AecpopMaqMM npM 

TeMnepaType 165°C. 

Ha cpnr.5 npeACTaBneHbi KpMBbie M3MeHeHMa ynpyroro m Ba3Koro MOAyna Ana 
cmjimkohobom pe3MHbi SilGel 612 b 3aBMCMMOCTM ot qacTOTbi AecpopwiauMM. 

Ha cpur.6 npeAcraBneHbi KpMBbie M3MeHeHMa ynpyroro m B«3Koro MOAyna Ana 
TepMonnacTMMHoro anacTowiepa TF13-120 b 3aBwci/iM0CTi/i ot MacroTbi Aecpopiwauwn 
npw TewinepaType 165°C. 

Ha cpnr.7 npeAcraBneHbi KpMBbie M3MeHeHwa ynpyroro w Ba3Koro MOAyna Ana 
TepMonnacTMMHoro snacTOMepa Tri3-80 b 3aBMCMMOCTM ot MacroTbi AecpopMaiy/iM 
npi/i TeMnepaType 165°C. 

Ha cpnr.8 npeAcraBneHbi KpMBbie oTHOiueHMa ynpyroro MOAyna k Ba3KOMy 
MOAynra Ana TepMonnacTMHHbix 3nacroMepoB 1713-140, TT13-160, 
HeBy/iKaHM3npoBaHHoro snacroMepa Dynamar w nonwaTwneHa LL1201 b 3aBMCMMOCTM 
ot MacroTbi Ae<poP Ma U MM n P M TeMnepaType 1 65°C. 

Ha cpwr.9 npeACTaBneH cxeMaTWMecKM BapuaHT BbinonHeHMa ycrrpoMCTBa Ana 
3Kcrpy3MM c vicnonb30BaHMeM MeTannMMecKoro nnn CTeKnaHHoro MyHAunyKa Ana 
3Kcrpy3MM Kpymoro crep>KHa. 

Ha cpur.10 npeAcraBneH cxeMaTMMecKM BapuaHT BbinoriHeHwa MyHAimryKa Ana 

3KCTpy3MM TOHKOCTeHHOCi Tpy6bi. 

Ha cpnr.11 npeAcraBneHbi xapaKTepwcTMHecKwe KpMBbie M3MeHeHwa AaBneHwa 
npw yBenwMeHMM ckopoctm 3Kcrpy3MM nonwaTMneHa 4epe3 MyHAWTyK, M3roTOBneHHbiCi 
M3 HepMOBeiotAew CTanw 6e3 noKpbiTMa (cnnoiUHaa KpMBaa). Kpi/iBaa i/i3MeHeHi/ia 
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MacTOTbi noflBJieHMf? flecpeKTOB Ha noBepxHoc™ npoAyicra npw ysenmeHm ckopoctm 
3KCTpy3MM npeflCTaeneHa nynKTMpowi. 

Ha c|)Mr.12 npeAcrraBneHb! xapaKTepwcTHMecKwe Kpi/iBbie M3MeHeHW* AaaneHw* 
npi/i yBennMeHMM ckopoctm 3KCTpy3MM nonnsTMneHa Mepe3 MyHALUTyK, M3roTOBneHHbift 
5 M3 HepwaBeiomefi cTani/i 6e3 noKpbrmfl (cnnoujHaa KpMBaa), c tohkmm cnoeM 
HeBynKaHM3wpoBaHHoro anacTOMepa VITON (0,3 mkm, nymcrup), c tohkmm cnoeM 
HeBy/iKaHM3wpoBaHHoro 3nacTOMepa Dynamar (0,3 mkm, tomkm) m c tohkmm 
noKpbrrweM ynpyruM TepMonnacTMMHbiM 3/iacTOMepoM Tn3-160 (0,09 mkm, LUTpwx- 
nyHKTMp). KpecTaMM noMeneHbi MOMeHTbi no^BJieHwe AecfreiaoB noBepxHoc™. 
io npeAnaraeMbie TexHMMecKwe peiueHMfl npeAHa3HaMeHbi a^* wcnonb30BaHM« 

npn c|)opMOBaHMM TepMonnacTMMHbix no/iMMepHbix MaTepwanoB. 

npMMep 1 

Cnoco6 peann30BbiBajiM c wcnojib30BaHweM ycTpowcTBa a^a cfDopMOBaHMH 
TepMonnacTMMHoro nonwMepHoro MaTepwana, BKriKwafomero cjDopMyrouiee 

is ycTpowcTBO b bma© MyHALUTyKa aha 3KCTpy3MM nonMOTwneHa, npeACTaBneHHoro 
cxeMaTMMHO Ha c}DMr.9 . 

YcTpowcTBO coAep>KMT Hecymwii Kopnyc 1 c npwcnoco6neHMfiMi/i an* ero 
KpenneHMB k SKCTpyAepy, MOHTawHyK) uinnnbKy 2, o6owMy 3, yKpenneHHyio Ha. 
HecymeM Kopnyce, KonbLjeByio nnacTMHy 4 a^h ycTanoBKM MyHAurryKa, bmhtw 5 a^* 

20 KpermeHMfl KonbueBoii nnacTMHbi 4 m o6oMMbi 3 k HecymeMy Kopnycy 1 , MyHAurryK 6 b 
BMAe Tpy6KM nnn BbiAaBnwBaHMfl CTepwH*. Ha BHyTpeHHew noBepxHOCTM MyHALUTyKa 
HaHeceHO noKpbm/ie 7, KOTOpoe MO>KeT 6biTb KaTannTMMecKMM noKpbm/ieM, mjim 
noKpbiTMeM, coAepwamwM OKCi/iAbi MeTannoB f\nn ynyMLueHMa aAre3i/iw anacroMepoB k 
MeTannMMecKOM noBepxHoc™, ynpyruM noKpbm/ieM. B MacTHOCTM, ynpyroe 

25 noKpbmie MO>KeT 6biTb BbinonneHO c AoSaBKaMM KaTanM3aTopoB cooTBeTCTByromefi 
peaKLtMM BynKaHM3ai4nn snacTOMepoB. Yctpomctbo coa©P>kmt a^thmk f\asneHv\n 8 w 
pe3b6oByio KpbiwKy 9. 

ripn peanw3ai4MM cnoco6a ycrpowcTBO cf)y h k 141/1 o h m py eT cxieAyiomMM o6pa30M. 
B 3arpy30HHyK5 eMKocTb cfcopMyroiAero ycTpowcTBa c nopujHeBbiM 3KCTpyAepoM (Ha 

30 sepTe>Kax He noKa3aHbi f KaK He OTHOcHLqwec* k cymecrrBy npeAJioweHM*) 3arpy>KaK)T 
c})opMyeMb!M MaTepnan m BbiflaBnuBaiOT ero c 3aAaHHOfi CKopocrbio Mepe3 MyHAUJTyK 
6. B cnynae Mcnonb30BaHMfl KaTanwTMMecKoro noKpbrn/ifl oho B3awMOAewcrByeT c 
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A o6aBKaMM anacTowiepoB, BBefleHHbiwin b cpopMyeMbi* waTepnan, mto BuauBaer mx 
BynKaHM3ai4MKD m oca>KfleHVie Ha yqacTKax noK P bm/m. B cnynae McnonbsoeaHMn 
ynpyroro noKpbrrwa, HaHeceHHoro flpyrwMM MeTOflawiw, sto noKpbrrwe, 
BsawwioAeCicTByn c cpopwiyeMbiwi MarepManoM, o6ecneM MB aeT oca)KAeHMe Ha ynacTKax 
noKpbiTMH A o6aBOK M3 cpopMyeMoro Marepnana Ana KOMneHcaujiui i/i3Hoca noK P brn/m. 

McnonbSOBaHHbiM nonwaTWieH LL1201 XV npoi/i3BOACTBa KOWinaHMM 
ExxonMobil (cm. http://www.exx nnmnbn.com/chemican. xapaKTepwsyeTca 
cneAy»oiAMMVi napawierpaMn: nnoTHOCTb - 0,926 r/cM 3 , tomkb nnaeneHi/ia - 123°C, 
MHAeKC pacnnaea - 0,7 r sa 10 MMHyr, peKOMeHAyewiaa npowsBQAwreneM 
TewinepaTypa sKCTpysiw - 180 - 200°C. Ana 3KCTpy3ww 6bin wcnonbsoBanw nopuiHeBow 
3KcrpyAep nponsBOACTBa KOMnaHMw Loomis (cm. http://www.loomisproducts.com) c 
AwaMeTpoM KaMepb. a** Marepuana - 60 mm, c a^ho* - 200 mm, c MaKCMManbHbiM 
AasneHneM b KaMepe - 400 aTM. Ana aKcrpyauiM Hcnojibsosa™ nyHAunym c 
AMaMeTpoM 4 nn M HAPWMecKOM nonocTM Ana abwkbhiwi pacnnaBa 6 mm m pjwwoih 32 

MM M 48 MM. 

npw 3KCTpy3MM noni/iaTwneHa nepes MyHAWTyK m Hep>KaBeiomefi crariM AnwHofi 
48 mm c napacraHvieM CKopoc™ ot 2 A o 300 MM/ceK npw npeBbiixjenuM icpimNecKofl 
cKopocTM 3Kcrpy3MM npoAVKT viMen nepoBHyio noBepxHOCTb. KpnTvmecKaa cKopocrb 
noa B neHna KBaswnepnoAWHecKMX noBepxHocTHbix AecpeicroB Ana noni/isrwneHa 6e 3 
A063BOK anacroMepoB npv. reMneparype 165°C cocraBwna 5,4 MM/ceK. Ha cpwr.11 
npeAcraBJieH rpacpuK wsMeneHwa Rasnemn npn yBenumeHi/iM cko P octm SKcrpyswn 
(cnnowHaa KpMBaa). BpeMeHHbie Macro™ noBepxHOCTHoro penbecpa Ha npoAyicre b 
[ruj, T.e. oTHOiueHMe ckopoctm sKCTpysww b [MM/ceK] k nepi/ioAy noBepxHOCTHoro 
penbecpa b [mm] 6ujim nsMepeHbi m npeACTaBJieHbi nyHKTMpoM. Ha6nK>AaeMaa 
MacTora noaBnenwa AecpeicroB ne>KMT b A^anasoHax or 13 fl o 40 T U npi/i cpe A HeM 
SHaMeHwn MacTOTbi okojio 20 Tu. OTHOiueHue ynpyroro MO fl yna k BasKOMy MO fl ynio Ann 
pacnnaBa nonwaTuneHa Ha MacrroTe 20 l~u cocTaBnaeT K = 1 ,4. 

3aTeM Ana SKcrpysww wcnonbsoBanw MyHAurryK ws HeprcaBeiomefi crani/i 
AjimhoR 32 mm c TOHKMM cnoeM cbTopwpoBaHHbix snacTOMepoe MapKH "Won® 
FreeFlow™ SC-PW", "DYNAMAR" Dyneon (3M) m TepMonnacrwMHbix snacroMepoB Ha 
ocHose cunoKcanoB. Ana HaHeceHHa cnoa anacroMepoB na BHyrpennKDro 
noeepxHocTb MyHAurryK 5 oTCoeAMHani/i ot SKcrpyAepa h sanonnan./. 
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pacnnaBneHHbiMM anacTOMepawii/i. 3aTeM MyHAWTy* npwcoeAWHsum k 3KcrpyAepy, 
HarpeBann p,o TewinepaTypbi cpopMOBaHwa w npoBOAMJiw 3KCTpy3Mio pacn/iaBa 
nojinaTwneHa co cKopocTbra okojio 2 MM/ceK b TeMeHMM 30 mi/ih. B pe3ynbTaTe 
anacTOwiep BbiAaBnwBancfl Hapy>Ky m yHOCi/mcfl pacnnaBOM nonwaTuneHa, ho Ha 
CTeHKax wiyHAUJTyKa ocTaBancn tohkmCi cnofi snacroMepoB. 3aTewi npoBOAMiM 
3Kcrpy3MK5 nonM3TMJieHa c HapacTaHMewi ckopoctm ot 2 ao 400 MM/ceK. 

Ha 4>nr.12 npeACTaBJieHbi rpacpvmecKM KpMBbie M3MeHeHi/ia RaBnenm Ha 
wiyHAurryKe npw yBeni/meHi/m ckopoctm 3KCTpy3MM (xapaKTepwcTi/mecKwe KpMBbie) An* 
MyHAiiiTyna 6e3 noKpbrn/m (cnnoujHaa KpwBaa). co cnoewi snacTowiepa Viton (nyHicrwp), 
co cxioewi snacTowiepa Dynamar (ujTpwx-nyHKTMp) m co c/ioeM TepMonnacTMMHoro 
SJiacTOiwepa TT13-160 (tohkm). KpecraMW Ha Kpi/iBbix noMeneHO B03HMKHOBeHne 
AecpeKTOB Ha nosepxHoc™. Bmaho, hto npn wcnonb30BaHWi/i TepwionnacTMMHoro 
snacTOMepa Tn3-160 Ha6nK>AaeTCH Haw6onbLijaa 6e3Ae<peKTHaa cKopoorb 
3KCTpy3MM. npn n3MepeHMH xapaKTepwcTMHecKwx KpuBbix Mepe3 MyHAiirryK 
npoAaBnMBanw okoho 0,4 Kr pacn/iaBa nojii/isTi/meHa. flocjie npoBeAeHwa 3KCTpy3Mii 
MyHAUiTyK CHMManw m nyTeM M3MepeHW?i sjieicrpwHecKofi eMKOcrw npoBOAwni/i oueHicy 
ToniAMHbi noKpbiTMJi Ha noBspxHocTM MeTanna. 

flna cpaBHeHMfl ctomkoctm cnoa anacTOMepoB k w3HOcy nepe3 tot >Ke 
MyHAUJTyK npoBOAMiiw 3Kcrpy3wio BTopotf pa3. ripw noBTopHoiw sKcnepwMeHTe 6bi.no 
nojiyneHO, hto npw wcnonb30BaHwi/i TepiwionnacTHMHoro anacTOMepa "1713-160 
3HaMeHMe 6e3AecpeKTHOM ckopoctm 3KCTpy3MM M3MeHWiocb c 142 ao 105 MM/ceK, a 
ToniiiMHa cnofl M3wieHnnacb c 0,09 ao 0,07 mkm, b to BpeMfl kbk npw ncnonb30BaHww 
HeBynKaHM3wpoBaHHoro snacTowiepa Dynamar 6e3Aecpe«THayi cKopocrb 3KCTpy3ww 
M3MeHMnacb c 107 ao 79 MM/ceK, a ToniMMHa cnoa i/i3MeHwiacb c 0,3 ao 0,07 mkm. 
fluHaMMMecKaa Bfl3KocTb TepMonnacTMHHoro anacTOMepa "TT13-160 HaMHoro MeHbiue, 
MeM cooTBeTCTByKDiAee 3HaHeHwe cfrropvipoBaHHoro snacrroMepa Dynamar. CTOMKOCTb 
cnoa Tri3-160 k M3HOcy no3Bon«eT roBopwTb o HaHeceHMM TOHKoro noKpbrma m 3Toro 
TepMonnacTMMHoro snacTOMepa Ha BHyrpeHHioK) noBepxHoorb MyHAUiTyKa. npw 
ncnojib30B3HHM TepMon/iacTMHHoro snacrroMepa Tn3-160, xapaicrepMCTMKM KOToporo 
yAOBneTBopnK)T o6omm ycnoBMAM G7G"> K 2 m (G7G") 0 > KL, Heo6xoA«*MbiM pj\a 
HaHeceHM« ynpyroro noKpbiTMfl, mojkho roBopuiTb o HaHeceHMM tohkoto ynpyroro 
noKpbiTMH. A npw i/icnonb30BaHWM HeBynKaHM3MpoBaHHoro 3/iacTOMepa Dynamar, ana 
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KOToporo He BbinonHfleTcn ycnoBi/ie (G7G")o > KL, mo>kho roBopnTb TO/ibKO o cnoe 
cm33kh Ha BHyTpeHHew nosepxHocTM MyHAtuTyKa. flpyrne TepMonnacTMMHbie 
3/iacTOMepbi (7X13-80, 1713-120, TT13-140), xa pa (crepw ctm km KOTopbix yflOB/ieTBop^nw 
o6omm yKa3aHHbiM ycnoBn^M, HeoSxoAMMbiM Ann HaHeceHwa ynpyroro noKpbm/m, 
5 TaioKe noKa3anw xopoiuyio cTOMKOCTb noKpbiTW* k M3HOcy m BbicoKwe 3HaneHMfl 

6e3Ae<t>eKTHOW CKOpOCTW 3KCTpy3W/l. 

3HaMeHH« TO/iLUMHbi noKpbiTM^ noane npoBeAennfl 3KCTpy3MM, Kpi/m/mecKofi 
CKopocTM noflBneHMfi AecjDeKTOB npn Mcnonb30BaHwn CTaribHoro MyHAurryKa 6e3 

nOKpblTMfl H C nOKpblTM^MM, AHHaMMHeCKOM BA3KOCTI/1 MaTepi/iaJia nOKpblTMfl Ha 

10 xapaicrepHOM MacTOTe 20 Tu 1/1 OTHOuieHi/ifl ynpyroro MOAyrm k B*3KOMy MOAynro Ha 
xapaicrepHOM watrroTe 20 Tm m Ha nacTOTe 0,06 l~u npuBeAeHbi b Ta6ni/me 2 &na 
cpaBHeHMH. flBywia 3Be3AOMKaMW noMeneHbi ABe nocneAHwe ctpokh Ta6nM4bi, b 

KOTOpblX npi/IBeAeHbJ 3HaMeHMfl TOmUUHbl nOKpblTWfl 1/1 KpMTI/IMeCKOW CKOpOCTM 

3KCTpy3nw nocne AByx nocneAOBaTenbHbix 3KCTpy3w£t. flpwBeAeHHbie 3HaseHMf? 

15 A^HaMMHeCKOM BH3KOCTI/I COOTBeTCTByiOT COOTHOOieHMK) G"/©, [Pa*S], G>= 2%f RT\ft 

MacTOTbi f = 20 



Ta6nnua 2. 



noKpbiTue 


ToniUMHa 

flOKpblTMfl, 

[mkm] 


Kpi/iTMMecKaa 

CKOpOCTb, 
[MM/ceK] 


BH3KOCTb, 

[Pa«s] 


G'/G" 


G7G"| 0 


Be3 nOKpblTMfl 




5,4 


2372 


K= 1,4 


L = 0,2 


VITON 


0,07 


13 


722 


0,7 • K z 


1 ,4 • KL 


DYNAMAR 


0,3 


107 


4650 


1,17. K z 


0,7 • KL 


TT13-160 


0,09 


142 


645 


1 ,22 • K 2 


2,5 • KL 


1713-140 


0,36 


136 


1840 


1,53. K z 


2,5 • KL 


Tna-120 


0,64 


103 


1815 


1,38 • K z 


2,1 • KL 


Tna-so 


0,45 


98 


1170 


1,22. K z 


1,4 »KL 


DYNAMAR ** 


0,07 


79 


4650 


1,17 • K z 


0,7 • KL 


Tna-160** 


0,07 


105 


645 


1,22. K z 


2,5 • KL 
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npMMep 2 

Cnoco6 peanw30Bbi8ann c wcnonb30BaHMeM ycTpowcTBa Ana cpopMOBaHi/m 
TepMonnacTMMHoro noni/iMepHoro MaTepnana, npeACTaBneHHoro cxewiaTMMHo Ha 
cpwr.9 m BKnioMaiomero cpopwiyioinee ycrrpoMCTBO b BMfle cTeKnaHHoro wiyHfliuTyKa 
fljiMHofi 32 mm m fluawieTpoM 6 mm. npoBOAwni/i 3KCTpy3MK) nonKiswieHa 6e3 Ao6aBOK 
c HapacTaHneM CKopoc™ npw TeMnepaType 165°C. £na mmcto& cTeicnflHHOM Tpy6KM 
KpMTMHecKan cKopocTb noymneHM* AecpeicroB cocTaBuna 6,7 mm/csk. 3aTeM MyHAurryK 
noKpbiBann cnoeM snacTOMepoB TaioKe, KaK oni/icano b npwMepe 1. B KaMecree 
sjiacroMepoB wcnonb30BanM cpTopwpoBaHHbiw snacTOMep MapKM "Won® FreeFlow" 
npow3BOACTBa KOMnaHMM DuPont nnn TepMonnacri/iMHbiM snacTOMep MapKM "TUS- 
120" npoM3BOACTBa KOwinaHi/in Wacker-Chemie GmbH. B cnynae ncnonb30BaHW* 
cpTopwpoBaHHoro a/iacTOMepa Viton Kpi/iTWMecKa* CKopocTb nojraneHi/ia AecpeicroB 
cocTaBMna 17,8 MM/ceK. nocne 3KCTpy3Wi 1 Kr nonwsTwneHa Ha noBepxHocn/i 
npoAyicra no*Bi/inwcb AecpeKTbi Ha cKopocru 10 MM/ceK. nocne 3Kcrpy3MM 2 Kr 
nonn3TMJieHa Kpwn/mecKafl CKopocTb noaBneHwa AecpeicroB Ha noBepxHOCTM npoAyicra 
npaKTMMecKM coBnaAana c noflBJieHneM flecpeicroB b cnyMae wcnonb30BaHvm mmctom 

CTeKTlflHHOfi Tpy6KM. 

B cnyMae wcnonb30BaHi/m TepMonnacTWMHoro snacroMepa 1X13-120 
KpnTMHecKan CKopocTb noaBneHwa AecpeKTOB cocraBHna okojio 110 MM/ceK. 
no/iM3TMJieH cMeiuariM c Ao6aBKaMi/i, coAepwami/iMH oKi/tcb TUTaHa TaK, mto ppna 
a6pa3MBHbix Hacrnq b noni/isTwneHe cocTaBuna 4 sec. %. nocne 3Kcrpy3MM 1 Kr 
nonwaTMneHa c a6pa3MBHbiMM Ao6aBKaMw m 6 Kr nonwsTuneHa 6es aoSbbok 
KpnTMMecKafl CKopocTb noaBneHi/ia AecpeKTOB cocraBuna 65,3 MM/ceK. TaKMM 
o6pa30M, ycTOMMMBOcTb ynpyroro noKpu™*, nonyMeHHoro c Mcnonb30BaHweM 
TepMonnacTMMHoro snacTOMepa TT13-120, k M3Hocy a6pa3WBHbiMW 4acn/maMi/i 
3H3HHTenbHO Bbiiue, HeM cTOMKOCTb cno* cpTopwpoBaHHoro anacTOMepa Viton. 

npt/iMep 3 

Cnoco6 peanM30BbiBanw c wcnonb30BaHneM ycrpowcTBa nna cpopMOBaHWJi 
TepMonnacrwHHoro nonnMepHoro MaTepwana, npeACTaBneHHoro cxe m 3tmm h o Ha 
cpnr.9 m BicnKDHaramero cpopMyraiAee ycTpowcTBO b Bi/ifle cTeicnyiHHoro MyHAUJTyKa 6e3 
noKpbiTwa. B KaMepy sKctpyAepa 3arpy>xanw rpaHynw nonwaTuneHa, nepeMeiuaHHbie c 
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CMJlMKOHOBblM SJiaCTOMepOM B BMfle BA3KOW >KMflKOCTM. B KaMeCTBe CMJIMKOHOBOTO 

anacTOMepa ncnonb30Bajiw oAHOKowinoHGHTHbiM ci/irmKOHOBbiM KOMnayHA wiapKM "N10 w 
npow3BOACTBa KOMnaHMM Wacker (cm. http://www.wacker.com) . florin Ao6aBOK 
cwriMKOHOBoro KOMnayHAa b nonwsTi/ineH cocTaBwna okojio 5 Bee. %. nontiMepHbiCi 

5 MaTepwan c Ao6aBKaMM HarpeBa/in ao 180°C m npoi/i3BOAi/inM 3KCTpy3i/iio okojio 0,4 Kr 
nonwaTuneHa LL1201 XV c AoSaBKawiM cwni/iKOHOBoro KOMnayHAa Mepe3 wiyHAUJTyK co 
cpeAHew no ceneHMK) MyHAUJTyKa cKopocTbK) npoAyKTa 5 wiwi/ceK. 3aTeM KaMepy 
BHOBb .HanoriHflni/i rpaHynawin nonwsTi/meHa, ho y>Ke 6e3 ppQbbok cwiMKOHOBoro 
KOiwnayHAa, HarpeBajii/i ao nnaBneHi/m noni/tSTwneHa m paBHOMepHoro pacnpeAeneHi/ia 

10 TewnepaTypbi b KaMepe. Topeu MyHAUJTyKa b sto BpeMH oSAysa/in B03AyxoM npn 
TeMnepaType okojio 200°C. Mepe3 8 MacoB npow3BOAMJin 3KCTpy3MK> c HapacTaHweM 

CKOPOCTM npOAyKTa OT 2 AO 300 MM/ceK M C}>MKCMpOBanM MOMeHT noaBneHi/m 

AecjDeKTOB Ha noBepxHOCTW npoAyicra. Bbino 3aperacTpi/ipoBaHO, mto Ae<fteicrbi 

nOHBH5IK)TCH Ha nOBepXHOCTM npOAyKTa npM CKOpOCTM 3KCTpy3MM 150 MM/CeK. 

is ripoBOAwni/i 3KCTpy3Mio 2 Kr noni/i3TwneHa 6e3 Ao6aBOK - i/i3MeHeHMfl Kpi/rrwMecKoSi 
CKopocTM noflBJieHw^ m&djp&KTOB b nocneAOBaTenbHbix 3KcnepwMeHTax He 
3aperMCTpwpoBaHO. 

KaMepy 3KCTpyAepa w MyHAunyK omwctwjiw MexaHMMecKw w omwroM b nenw npw 
Tewme p aT ype 500°C. 3aTeM b KaMepy 3arpy3tuiw rpaHy/ibi nonnaTwneHa, 

20 nepeMeuuaHHbie c cwnuiKOHOBbiM anacroMepoM npi/i Aone Ao6aBOK okojio 10 -12 
Bec.%. riocne 3KCTpy3W/i okojio 0,4 Kr CMecw KaMepy 3anojiHi/mw mwctwm 
nojiwamneHOM w sepe3 8 nacoB npoBenw 3KCTpy3i/iK> pacnnaBa normsTi/meHa. 
BbixoA^mwM npoAyKT cmibHo OTfcnoH^ncH ot ocw b cropoHy, mto yKa3biBaeT Ha TO, MTO 
TOJiuii/iHa ynpyroro noKpbm/m Ha noBepxHocrw MyHAurryKa HepaBHOMepHa. OMeBHAHO, 

25 mto Mcnonb30BaHwe Ao6aBOK b KonwMecTBe 6ojiee 10 Bec.% HewenaTenbHO w3-3a 
HeKOHTponwpyeMoro i/i3MeHeHM* ceMeHi/ifl KaHana MyHAUJTyKa. 
riPHMep 4 

CnocoS peanw30Bb!BariM c i/icnorib30BaHi/ieM ycrpotfcrBa a^* cjDopMOBaHWfi 
TepMonjiacTMMHoro nojiwMepHoro MaTepwana, npeACTaBneHHoro cxeMaTMMHO Ha 
30 cjwr.9 m BKnioMaiomero cfropMyiomee ycTpowcTBO b bwa© JiaTyHHoro MyHAUJTyKa c 
rajibBBHi/iMecKi/iM noKpbiTMeM nnaTMHOM. B KaMepy SKCTpyAepa 3arpy>Kann rpaHyxibi 
nonwsTMJieHa, nepeMeiuaHHbie c ajiacroMepoM Ha ocHOBe rpacjyr- cononnMepoB 
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cwnoKcaHOB c nonwypeTaHaMi/i npon3BOACTBa KOMnaHi/m Cypen (cm. 
http://www.surel.ru/) . 6e3 flo6aBOK KaTanM3aTopa peaKqwn BynKaHi/i3auww. 

Hcnonb30BaHHbi£i anacTowiep MMeeT xopouiyK) aAre3w*o k MeTannimecKOM 
noBepxHOCTM 1/1 cnoco6eH k BynKaHM3ai4Mi/i no peaKUUM ruApocunnpoBaHW^ b 
5 n pi/i cyTCTB m m Merannos nnaTWHOBOM rpynnbi. flon* Ao6aBOK nonwypeTaH- 
CMJiMKOHOBoro KOMnayHAa b nojii/iaTwneH cocTaBwna okojio 1 Bee. %. nonwMepHbiw 
MaTepwan c Ao6aBKawiM HarpeBann ao 180°C i/i npon3BOA^w 3KCTpy3Mto okojio 0,4 Kr 
nonwa-TWieHa LL1201 XV c Ao6aBKaMH 3Toro anacTOMepa Mepe3 MyHAunyK co 
cpeAHefi no ceMeHi/iio MyHAUJTyKa CKopocTbro npoAyKTa 5 MM/ceK. 3aTeM KaMepy 
10 BHOBb HanoriH^Jin rpaHynaMM nonnsTuneHa, ho ywe 6e3 Ao6aBOK, HarpeBanw ao 
nnaBJieHMH lionnoTi/meHa w paBHOMepHoro pacnpeAenem/m TeMnepaTypbi b Kawiepe. 

ripoBOAMJiw 3KCTpy3i/iio noni/ian/meHa 6e3 Ao6aBOK c HapacraHneM CKopoc™ 
npw TewjnepaType 165°C. Bbino 3apen/icTptrfpoBaHO, mto Ae^eicrbi noflBJiaioTCfl Ha 
noBepxHOCTM npoAyKTa npi/i ckopoctm 3KCTpy3Wi/t oKono 120 MM/ceK. npoBOAwnw 

15 3KCTpy3MIO 2 Kr nOflMSTMJieHa 6e3 A06aBOK - W3MeHeHfm KpHTHMeCKOM ckopoctm 

no^BneHMH A©4)eKTOB b nocneAOBaTenbHbix 3KcnepnMeHTax He 3aperncTpt/ipoBaHO. 
riPi^Mep 5 

Cnoco6 peanw30BbiBann c wcnojib30BaHweM ycTpowcTBa nnn cjDopMOBaHMfl 
TepMonnacTuiMHoro nonnMepHoro MaTepwana, BKJiKwaiomero cjDOpMyiomee 

20 ycrpowcTBO b suae MyHAUJTyKa aha 3KCTpy3ww nonnsTMJieHa, npeACTaBneHHoro 
cxeMaTMMHO Ha dpwvAO, c i/icnonb30BaHi/ieM ujHeK SKCTpyAepa. ycTpoficTBO coAep>Ki/iT 
HecymwM Kopnyc 10 c BepxHew KOJibueBofi BcraBKOM 11 m BHyrpeHHew BcraBKow 12, 
3aKpenneHHOM Ha ocm MyHAUJTyKa c noMombto Tpex crep>KHe£i 13. Hm>kh^ BcraBKa 14 
MMeeT pe3b6oBoe OTBepcTMe nnn Kpenneni/m MyHAUJTyKa k sKcrpyAepy. Ha 

25 noBepxHOCTM BepxHew KoribueBOM BCTaBKM 11 HaHeceHO noKpbrrwe 15, a Ha 
noBepxHOCTM BHyTpeHHew BCTaBKW 12 HaHeceHO noKpbrrwe 16. Hokphtmh 15 w 16 
Moryr 6biTb KaTanMTMMecKi/iM noKpbrmeM, mjim noKpbuweM, coAepwamwM oko/iaw 
MeTannoB aji* ynyMweHi/m apxe3\A\A snacroMepoB k MeTanni/mecKOM noBepxHOCTM, wnw 
ynpyrMM noKpbrmeM. B MacTHOCTM, ynpyroe noKpbrme MO>KeT 6biTb Bbino/iHeHO c 

30 Ao6aBKaMM KaTanw3aTopoB cooTBeTCTByjooteii peaKunn BynKaHi/t3ai4ww anacTOMepoB. 
YcTpoMCTBO coAep>KMT HarpeBaTeni/i 17. 
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flpi/t peanw3aLiMM cnocoSa ycrpoMCTBO cjDyHKLinoHMpyeT cneflyjomMM o6pa30M. 
B 3arpy30HHyK> eMKOCTb 4>opMyioinero ycTpoftcTBa c nopuiHeBbiM OKcrpyAepoM (Ha 
qepTe>Kax He noKa3aHbi, kbk He OTHOcamwecfl k cyiijecTBy npeAJio>KeHwa) 3arpy>KaK)T 
cfropMyeMbiw wiaTepnan w BbiAaBni/iBaiOT ero c 3aAaHHofi CKopocTbK) Mepe3 MyHALUTyK. 
5 B c/iynae ncnonb30BaHW* KaTannTMnecKoro noKpbm/ifl oho B3awMOfleficTByeT c 
Ao6aBKaMM anacfoMepoB, BBeAeHHbiMM b <£opMyeMbiw MaTepwan, mto Bbi3biBaeT wx 
BynKaHM3ai4Mio w oca>KAeHi/ie Ha ywacTKax noKpbm/ifl. B cnynae uicnonb30BaHWfl 
ynpyroro noKpbm/m, HaHeceHHoro APyrnMM MeTOAaMM, sto noKpbiTwe, 
B3awM0AeficTBy5? c cfcopwiyeMbiM MaTepwanoM, o6ecnem/iBaeT oca>KAeHwe Ha yMacTKax 

10 noKpbiTMH Ao6aBOK m cf>opMyeMoro MaTepwana a^a KOMneHcaqwn M3Hoca noKpbm/m. 

3a3op wie>KAy BepxHefi KonbueBOM BCTaBKow n BHyTpeHHefi ueHTpanbHofi 
BCTaBKOfi BbinonHeH 0,8 mm. BepxH** KO/ibueBaa BCTaBKa BbinonHeHa c 
B03Mo>KHOCTbio nepeMemeHi/ia Ana perynwpoBKM 3a3opa. Mepe3 oTBepcrrae b oahom 
M3 CTep>KHeCi KpenneHWfl BHyTpeHHew BCTaBKM OKaTbiM B03Ayx nocTynaeT BHyTpb f\na 

is pa3AyBaHM5i Tpy6bi nonwaTuneHa w nonyHeHi/ia tohkom nneHKM. TBepAbie noKpbrruifl 15 
m 16 Bbino/iHeHbi c qenbio cHMweHMfl M3Hoca MyHAunyKa. HanpwMep, noKpbm/ie MO>KeT 
6biTb BbinoxiHeHO ranbBaHi/mecKMM oca>KAeHweM nnaTUHbi wjim popyin. TaKoe 
noKpbiTMe He xoribKO o6naAaeT bwcokom TBepAQCTbio, ho w KaTannTi/mecKow 
aKTMBHOCTbio, Heo6xoAMMow prta BynKaHM3ai4Mw anacTOMepoB no peaKqwn 

20 rMAPOCMJlMpOBaHMfl. 

PacnnaB nonwaTuneHa, noKa3aHHbiw Ha c£>wr.10 cepbiM MBeTOM, npoAaBnwBanw 
CHi/i3y BBepx no KaHany nepe3 KonbueBOfi 3a3op A^aMeTpoM 50 mm \a cfropMOBani/i 
to h KOCTe h Hy K) Tpy6y, BbixoAfliuyio M3 MyHAWTyKa Hapy>Ky. fl/m noAaMM pacnnaBa 
noriM3TMrieHa i/icnonb30Bann ycTaHOBKy npow3BOACTBa KOMnaHMM Goettfert (cm. 
25 http://www.goettfert.com/), KOTopaa BK/iKwana LUHeK 3KCTpyAep c A^aMeTpoM bhht3 D 

= 30 MM, CKOpOCTbK) BpameHMfl AO 100 OSOPOTOB B MI/1H, MaKCi/IMaJlbHblM AaBjieHweM 

npeccoBaHMfi 1000 Atm. Mcno/ib30BancH nani/iaTi/iJieH Hi/i3KOW nnoTHOcrw 
nonwsTi/meHa LDPE i/i ni/iHeiiHbiw nonwaTi/ineH hm3kom nnoTHocn/i Ha ocHOBe 
MeTannoueHOBbix KaTanw3aTopoB Exceed 1018 EB npoui3BOACTBa KOMnaHMi/i 
30 ExxonMobil. Hcnonb30BaHHbiw noni/i3Ti/ineH 1018 EB xapaKTeput3yeTca cneAyioujMMW 
napaMeTpaMi/i: nnoTHOCTb - 0,918 t/cm3 , TOMKa nnaBneHt/m - 118°C , MHAeKC pacnjiaBa 
- 1 r 3a 10 Mi/iHyt, peKOMeHAyeMa* npoi/i3BOAMTeneM TeMnepaTypa 3KCTpy3ww - 190 - 
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220°C. npw TewinepaType pacnnaBa 170°C flpo6neHne pacnnaBa Ha6n*OAanocb npw 
CKopocTM BpauneHM^ iiJHeKa 10 o6opotob b mmh w ckopocth 3KCTpy3wn npoAyicra 
okojio 2 MM/ceK. 

B KaMepy uiHeK sKCTpyaepa 3arpy>Kanw rpaHynw nonMSTwneHa HM3KOM 
rmoTHOCTw (LDPE). B KanecTBe cunwKOHOBoro anacTOMepa Mcnonb30Banca 
AByxKOMnoHeHTHbiw CMJiMKOHOBbiw KOMnayHfl Mapw "ELASTOSIL RT 601" 
npow3BOACTBa KOMnaHWM Wacker. CHanana KOMnoHeHT B (cunaHbi c KaTanM3aTopoM 
BynKaHM3auwM) CMewanM b rpaHynaMM noriMMepHoro MaTepMana b KonwMecTBe 1 r 
Ao6aBKM Ha 3 Kr rpaHyn. florid Ao6aBOK KOMnoHeHTa b nonnsTMneH cocTaBwna 0,03 
Bee. %. npoBenn 3KCTpy3Mio 1 Kr rpaHyn noni/iaTMJieHa c Ao6aBKaMM. 3aTeM npoBenw 
3Kcrpy3Mio 1 Kr nonmriAnena 6e3 Ao6aBOK, mto no3BonMno OMMCTWTb sKcrpyAep ot 
noxiMMepa, coAepwamero Ao6aBKM KOMnoHeHTa B. 3aTeM KOMnoHeHT A CMewanM c 
rpaHynawiw nonnoTwneHa b Koni/mecTBe 1 r KOMnoHeHTa A (cunoKcaHbi c 
HeHacbiiAeHHOM CB*3bK> C=C) Ha 1 Kr rpaHyn, T.e. npn Aone Ao6aBOK cwriMKOHOBoro 
KOMnayHAa b nonwaTwneH 0,1 Bee. %. 3aperMcrpwpoBaHO, mto Mepe3 10 mmh nocne 
noAaMM KOMnoHeHTa A AaBneHwe npeccoBaHMfl yMeHbWMnocb Ha 8 %, a yewnwe 
BpaajeHM^ BMHTa SKCTpyAepa yMeHbWMnocb Ha 23%. BbixoA^mww npoAyicr He MMen 
LuepoxoBaTOCTM Ha BHeujHew noBepxHOCTM. 3aTeM BMecTO nonMawieHa HM3KOM 
nnoTHOCTM (LDPE) b KaMepy uiHeK SKCTpyAepa 3arpy3wnM rpaHynw MeTannoueHOBoro 
nonn3Ti/ineHa (mLLDPE) Map km Exceed 1018 EB. BbixoA^mMM npoAyKT He MMen 
mepoxoBaTocTM Ha BHeuiHeM noBepxHocrw. Tpy6y pa3AysanM b nneHKy cwaTbiM 
B03AyxoM. HrieHKa MMena poBHyro noBepxHOCTb npM MaKCMManbHo aoctm>kmmom Ha 
Abhhom aKCTpyAepe ckopoctm 3KCTpy3MM MaTepMana 8,7 MM/ceK MJ1M 60 t/mmh, T.e. 
npM 3HaHMTenbHo 6onee bhcokom ckopoctm 3KCTpy3MM, neM 6e3 noKpbiTMfl. H3HOca 
noKpbiTM^ b TeweHMe 1 naca 3KCTpy3MM He o6Hapy>KeHO. 

TaKMM o6pa30M, HaHeceHwe ynpyroro noKpbiTMH b npouecce cfcopMOBaHM* 
pacnnaBa nonMMepHoro MaTepMana c Ao6aBKaMM, b MacrnocTM, c nocneAOBaTenbHOM 

A06aBKOM KOMnOHeHTOB npM 3KCTpy3MM, n03BOn*eT npOM3BOAMTb CKOpOCTHyK) 

3Kcrpy3Mio 6e3Aec(DeKTHoro npoAyicra. 
riPMMep 6 

Cnoco6 peanui30BbiBanM (jDopMOBanweM nepe3 KonbueBow MyHAunyK, 
noKa3aHHbiM cxeMan/iHecKM Ha cfcu/ir.10, c wcnonb30BaHMeM WHeK 3KCTpyAepa, 
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10 



20 



onwcaHHoro b npMMepe 4. B nawiepy ujHen 3KCTpyAepa, sarpyrcanii rpaHynw 
nonwsTMneHa hmskom nrioTHOCTM (LDPE). B KanecTBe cmjimkohoboto anaeroMepa 
wcnonb30Bancn AByxKowinoHeHTHbiM cwnnKOHOBbifi KOiwnayHA Map™ "ELASTOSIL RT 
601" npoM3BOACTBa KOMnaHMM Wacker. CHawana KowinoHeHT A (cwnoKcaHbi c 
HeHacwmeHHOM cB*3bK> C=C) CMewanw c rpaHynawin nonwsTwneHa b KonimecTBe 0,5 
r Ha 1 Kr rpaHyn, T.e. npw Aone Ao6aBOK cwnnKOHOBoro KowinayHAa b nonwsTVineH 0,05 



30 



Bee. 



npoBenn 3KCTpy3wio 1 kt rpaHyn nonwsTwneHa c Ao6aBKawiw. 3aTew> KowinoHeHT 
B (cwnaHbi c KaTani/iaaTopowi BynKaHnaaunn) CMeiuanw b rpaHynaiM nonwwiepHoro 
iwaTepnana b Koni/meeTBe) 0,1 r Ao6aBKW Ha 1 Kr rpaHyn, T.e. npw A©ne Ao6aBOK 
KOMnoHeHTa 0,01 Bee. %. HpoBenw SKCTpyswo 1 Kr rpaHyn nonwsTwneHa c AoSaBKawin 
npw ckopoctm 3KCTpy3MM 10 Miw/ceK wnw 72 r/MMH. MMHMManbHoe Bpewia npoxo>KAeHMy» 
axcrpyAepa npu AaHHOM ckopoctm cocraBnaeT OKono 2 mmh 20 ceK. Oah3KO b 
3KCTpyAepe ecrb sohw cwieiiJMBaHMfl, r fl e MaTepnan uupKynwpyeT npu AaHHOM 
ckopoctm 3Kcrpy3Mui ao 10 - 15 mmh. B npeflbiAymewi npwwiepe Ana ohmctkm 
3KCT P yAepa ot nonniviepHoro wiaTepwana c Ao6aBKaMM npoMSBOAnnw sKCTpysi/ito 
nonwsTMneHa 6es ao63bok. B AaHHOM npwwiepe ommctkm He npowsBOAwnvi, nosTowiy 
npwMepHO Mepes 3 mwh nocne noAami nonnaTuneHa c Ao6aBKaMM KOMnoHeHTa B 
uiepoxoBaTocTb noBepxHOCTM BbixoAamero npoAyxra pesKO Bospocna. 3to mo>kho 
o6-bflCHMTb cwieuiMBaHi/ieM o6omx KOMnoHem-OB BHyrpn 3KcrpyAepa m BynKaHM3am/iew 

pe3HHbl. 

BynKaHM3wpoBaHHafl pesnHa, coAepwamaflea b BbixoAaiAewi npoAyKTe, He 
npocKanb3biBaeT BAonb noKpbi™* Ha noBepxHoe™ wtyHAurryKa i/i yBenwMWBaeT 
uiepoxoBaTocTb noeepxHocTM Bbixo fl *mero npoAyKTa. Mepes npwwepHO 10 mmh 
25 noBepxHocrb BbixoA^iAero npoAyicra cTana rna A KOM, hto yKasbiBaeT Ha yMeHbweHwe 
coAep)KaHM5» BynKaHMSwpoBaHHoii cwnwKOHOBoCi peswHbi b BbixoA*meM npoAyKTe. 
3aTew> npoBenn SKCTpysmo nonnsTunena 6e3 Ao6aBOK. noBepxHocrb BbixoA*mero 
npoAyicra He i/wena uiepoxoBaTocrvi. TawM oopasoM, bmaho, mto oAHOBpewieHHa* 
noflana KowinoHeHTOB cwnMKOHOBoPi peswHbi MO>KeT 6biTb ncnonbSOBaHa Ana 
HaHeceHMH noKpw™* Ha noBepxHocrb MyHfliuryKa, ho bo Bpewia SKCTpyswn nonvwepa, 
eoAep>Kamero b KanecTBe Ao6a B OK o6a KOMnoHeHTa peswHbi, noBepxHocTb npoAyicra 
MiweeT noBbiuieHHyra luepoxoBaTOCTb. 
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riPMMep 7 

Cnoco6 peanw30BbiBanM cpopMOBaHMeM Mepe3 KonbLjeBOM wiyHfliiiTyK, 
noKa3aHHbid cxewiaTMMecKW Ha cpwr.10, c ncnonb30BaHweM QJHeK aKCTpyAepa, 
onucaHHoro b npuwiepe 4. B Kawiepy LUHeK 3KCTpyAepa, 3arpy>KanM rpaHy/ibi 

5 nonwan/ineHa hmskom nnoTHOcrw (LDPE) c Ao6aBKaMM oAHOKOMnoHeHTHoro 
cwnnKOHOBoro sjiacTOMepa "N10" nponsBOACTBa KOMnaHnw Wacker. KoiwnayHA 6bin 
pa36aBneH KCwneHOM b cooTHoweHMi/i 2 Macrw pa36aBMTena Ha 1 qacTb KOMnayHAa w 
nepewieiuaH c rpaHynawin nonwaTMJieHa. flona ao63Bok cmjimkohoboto KowinayHAa b 
nonwaTwneH cocTaBMJia 0,01 Bee. %. Hepes 60 mmh aKCTpysnn saperwcTpupoBaHO 

10 ywieHbiijeHMe uiepoxoBaTOCTM Ha noBepxHOCTM BbixoAamero npoAyicra m ywieHbLueHwe 
AaBneHwn npeccoBaHM* Ha 1,4%. 3aTeM npoBenw 3KCTpy3Mio nomsTwneHa 6es 
AoSaBOK. 3a 120 mmh 3KCTpy3MM yeenmemn ujepoxoBaTOCTM mjim mMeneHviR 
AaBneHMfl npeccoBaHi/m He o6Hapy>KeHO. 3to noKasbiBaeT, mto ecxiw nojiMMepHbiM 
MaTepwan He cc-Aep>KWT a6pa3MBHbix MacTMu, to m3hoc ynpyroro noKpbm/m HeBennK m 

is Ana KOMneHcauwM Msnoca ynpyroro noKpbm/m AocTaTOHHO McnonbsoBaHM* Ao6aBOK b 
KonnMecTBe 0,001%. 
npwvtep 8 

Cnoco6 peanw30BbiBanw c ncnonb30BaHweM ycTpoCicTBa An* cpopMOBaHM* 
TepwionnacTi/iMHoro noxiMMepHoro wiaTepnana, npeACTaBJieHHoro cxeiviaTMMHO Ha 

20 cpnr.9 m BKniOHaiomero cpopMyiomee ycTpowcTBO b b\ap,& CTanbHoro MyHALUTyKa 
AnwHOM 22 mm w AwaMeTpoM 3 mm. npoBOAMnn 3K(rrpy3Mio nonwaTuneHa 6e3 ao63bok 
c HapacTaHneM ckopoctm npn TeMnepaType 165°C. Ana mmctom CTanbHOM Tpy6KM 
KpMTMMecKafi CKopocTb no*BJieHWJi AecpeicroB cocraBM/ia 4,2 MM/ceK. 3aTeM MyHAimyK 
noKpbiBanw cnoeM anacTOMepoB TaioKe, KaK onwcaHO b npuMepe 1. B KaqecrBe 

25 3/iacroMepoB ncnonbSOBanw TepMonnacrMHHbiM Knefi Ha ocHOBe conoriMMepoB 
3TwneHa w bmhmji aueTaTa. B npeABapwTexibHbix TecTax 6bino saMeqeno, hto npn 
TeMnepaiype cpopMOBaHM* TepMonnacTMMHbifl Knew MeAneHHO Bym<aHM3MpyeTca m 
npno6peTaeT ynpyrwe CBOMCTBa. Bosmokho, sto npoMcxoAMT M3-33 pasnoweHM* 
nonapHbix rpynn bmhuji aueTaTa npw BbicoKOfi TeMnepaType b npi/icyTCTBWW napoB 

30 BOAbl w KMcnopoAa. 

npoBOAwnn 3KCTpy3Wio nonwsTMneHa Ha CKopoc™ okojio 9,2 MM/ceK. Mepes 20 
mmh 3Kcrpy3MM uiepoxoBaTOCTb Ha noBepxHOCTM npoAyicra wcMe3na. nocne 30 mmh 
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3KCTpy3Mi/i cKopocTb yBeiiMMMJiM. rioaBneHwe A^eicTOB MM/ceK Ha6nK)flanw Ha 
CKopocTM 58 MM/ceK. Ilpn y Me HbiueH i4i/i cKopocTM uuepoxoBaTOCTb nponaflana. TaKMM 
o6pa30M, noKpbiTue noBepxHOCTi/i MyHfliuTyKa nonwMepHbiM MaTepwanoM, KOTopbiw 
npw noBbiiueHHOM TeMnepaType BynKaHW3wpyeTCfl m npwo6peTaeT ynpyrae CBOMCTBa, 
5 no3Bon^eT noAaBMTb no*BneHwe fleece ktob. 

FIpeflnaraeMoe TexHtmecKoe peweHwe MoweT 6biTb acfrcfreKTMBHO 
wcnojib30BaHO TaioKe npw 3KCTpy3MM nneHKM v\ bojiokoh 1/13 pacTBopoB noni/iMepoB, 
6enKOB w BMCK03bi. Cnofi pe3HHbi Ha noBepxHOCTM MeTanna He TonbKo yBenwMUBaeT 
CKopocTb 6e3Aec|)eKTHOfi 3Kcrrpy3W4 w yMeHbiuaeT noTepi/i Ha TpeHwe, ho Taione 

10 no3BonfieT yMeHbUJMTb Koppo3i/no MeTanna MyHfliuTyKa mjim cjDiinbepbi M3-3a 
pa3no>KeHMfl noni/tMepHoro MaTepi/iana mhm KOHTaicra MeTanna c >ki4akoct*mm b 
KoarynMpyioixiMX BaHHax. npeAnaraeMbie TexHi/mecKwe peweHM* MoryT 6biTb 
wcnonb30BaHbi npn MHweiotnoHHOM c^opMOBaHMM, HanpMMep ana cHWKeHM* AaBneHHfl 
npeccoBaHM^ b SKCTpyAepe, ynymjjeHW/i 3anonHeHna cfcopMbi v\ o6nerneHHfl 

15 oTAeneHM* i/i3Aeni4fl ot npecc-cfropMbi. 

Heo6xoAMMO oTMeTMTb, mto m ypoBHfl TexHMKM He cneAyeT oneBMAHbiM 
o6pa30M, mto HaHeceHwe ynpyroro noKpbi™* Ha BHyTpeHHew noBepxHoc™ MyHAurryKa 
b npouecce 3KCTpy3M/i nnacTMKOB yBeni/iMMBaeT CKopocTb 6e3AecJ)eKTHoi4 3KCTpy3i4M 
pacnnaBOB nont/iMepoB no cpaBHeHWK) co cnyMaeM Mcnonb30BaHM^ AoSaBOK 

20 HeBynKaHi43npoBaHHbix cJrropwpoBaHHbix snacTOMepoB. Taw/iM o6pa30M, 
npeAnaraeMoe TexHWMecKoe peiiieHne OTBenaeT Tpe6oBaHMio M3o6peTaTenbCKoro 
ypoBHfl. 

npeAnaraeMbie TexHMMecKne peweHHfl o6naAaiOT OMeBi/iAHbiMi/i 

CymeCTBeHHblMM OTnWHMfiMM OT npOTOTMna. A MMeHHO, B npOLieCCe (fcopMOBaHllfl 

25 npow3BOA*T HaHeceHwe ynpyn/ix noKpbiTMM Ha noBepxHocrrb MyHA^UTyKa, 
h axo a ^ my K) C9\ b KOHTaiae c pacnnaBOM nonnMepHoro MaTepwana. 

npeAnaraeMbie b Hacro*meM TexH ui m e cko m peweHMM cnoco6 AwnaMMMecKoro 
HaHeceHMH ynpyroro noKpbrn/m, ycrrpoPicTBO on* ero ocymecTBneHH* w cocTaB 
TepMonnacTMMHoro MaTepnana c BapnaHTaMM mx peanw3ai4MM He Sbinn M3BecTHbi 143 

30 naTeHTHOM v\ cneuwanbHOM nvrrepaTypbi. 
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B npwwiepax peani/i3ai4ww npoflewioHCTpwpoBaHO AOCTM^eHwe Texm/mecKoro 
pe3y/ibTaTa - yBenwMeHMe cKopoc™ 6e3AecpeKTHofi 3KCTpy3uin nojiMSTwneHa, KaK 
Hawoonee TwnwwHoro w ujmpoko wcnojib3yeMoro nonwiviepHoro MaTepwana. 

ripwiviepbi peajiM3auwM flOKa3biBa«oT npoMbiumeHHyio npwweHMMocTb 
3a*BJieHHbix cnoco6a cpopMOBaHMfl TepwionnacTMMHoro nojiMwiepHoro wiaTepwajia, 
ycTpoCiCTBa pjw cpopwioBaHi/ia TepwionnacrnMHoro nojwiviepHoro wiaTepna/ia 1/1 
cocTaBa TepMonnacTMMHoro nojiMMepHoro MaTepwa/ia c BapwaHTaMM mx peanmanm. 

TaKMM o6pa30M, npeA^araeMbie tsxh m m 6 ckm e peuueHMSR flBnflK>TCfl HOBbiwin, 
OTBenaraT Tpe6oBaHtiK> i/i3o6peTaTejibCKoro ypoBHfl, iworyT 6biTb npwweHeHbi b 
npowibiiiineHHocTM, a Taione oSecneHWBaioT ynymueHwe KanecTBa M3flennM, 3Kohomwo 
SHeprviM m yBenwHeHwe CKopoc™ npoi/i3BOflCTBa, to ecTb OTBeMatoT Bcewi 
Tpe6oBaHM?iM, npefltflBruieMbiM k M3o6peTeHwio. 
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Qopwiyna M3o6peTeHM5i 

1. Cnoco6 cpopiwoBaHMH TepwionnacTMMHoro nonnwiepHoro wiaTepwana, 
BKnioMaiomwfi BbiflaBnwBaHMe pacnnaBa Tepwionnacn/iHHoro nonwwiepHoro wiaTepwana 
c Ao6aBKawiM 3nacTowiepoB Mepe3 ycTpowcTBo An* cpopwioBaHMH TepwionnacTMMHoro 
nonwwiepHoro wiaTepwana, m co3AaHwe b npouecce BbiAaBnwBaHMfl ynpyroro 
noxpuTMst, no KpafiHeft wiepe, Ha nacTM noBepxHOCTi/i ycTpowcTBa, HaxoAametic* b 
KOHTaiae c pacnnaBOM. 

2. Cnoco6 no n.1, oTnwHaioiyi/iCicfl Tewi, mto co3AaHwe ynpyroro noKpbrn/m 
ocyuAecTBnaioT, no KpawHew wiepe, Ha Mac™ noBepxHOCTM ycTpowcTBa An* 
cpopMOBaHwa, npwwibiKaiomew k BbixoAy M3 ycTpoficTBa, i/i c AnwHOw He wieHbuie 10% 
ot lunpuHbi 3a3opa p,nn cpopwioBaHi/m nonwwiepHoro wiaTepwana. 

3. CnocoS no n.1 wni/i n.2, omnMaioiAMMca Tewi, mto Ao6aBKW anacrowiepOB 
bhocat b cpopwiyewibiw nonuwiepHbifi wiaTepwan b KonwnecTBe ot 0,001 fl,o 10 Bee. %. 

4. Cnoco6 no n.3, 0TnwMaioini/iwcH Tewi, mto ao63bkm anacrowiepa bhocht b 
npouecce cpopwiOBaHi/ia oahoto TepwionnacTMMHoro nonwwiepHoro wiaTepnana c 
Ao6aBKaMM anacrowiepoB ot 0,01 ao 10 Bee. %, a 3aTewi npoM3BOA*T cpopiwoBaHwe 
Apyroro Tepwionnacn/iHHoro nonwwiepHoro wiaTepwana c Ao6aBKawiw anacrowiepoB ot 
0,001 ao 1 Bee. % wnw 6e3 Ao6aBOK. 

5. Cnoco6 no nio6oMy m nn.1-4, oTnwMaiomMWCfl TeM, mto co3AaHwe ynpyroro 
noKpbi-rvm ocymecTBnniOT nyrewi oca>KAeHMJi Ao6aBOK snacTOwiepoB m pacnnaBa 
cpopwiyewioro TepwionnacTMMHoro nonwwepHoro wiaTepwana w wx BynKaHW3aLiMew. 

6. Cnoco6 no nio6owiy W3 nn.1-4, oTnwMaiomwwca Tewi, mto co3AaHwe ynpyroro 
KoKpbiTMH ocymecTBnflioT nyrewi ocajweHwa ao63bok anacTowiepoB W3 pacnnaBa 
cpopwiyewioro TepwionnacTMMHoro nonnwiepHoro wiaTepwana, a b KaMecTBe 
3nacroMepoB ncnonb3ytOT TepwionnacTMMHbie snacTowiepbi. 

7. Cnoco6 no n.6, oTnwMaramwwcfl Tewi, mto b KaMecTBe TepwionnacTMMHbix 
anacrowiepoB wcnonb3yioT anacrowiepbi c TewinepaTypoft cTeicnoBaHMa HM>Ke 
TewinepaTypw cpopwioBaHwa TepwionnacTMMHoro nonwwiepHoro wiaTepwana, ho Bbiwe 
TewinepaTypbi nnaBneHwa TepwionnacTWMHoro wiaTepwana w c wianow aAre3wew k 
cpopwiyewiowiy TepwionnacTWHHowiy nonwwiepHOwiy wiaTepwany. 
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8. Cnoco6 no n.5, oTJiMHatoixinMCH Tewi, mto anacTowiepbi Bbi6npaK>T m rpynnbi 
ajiacTon/iepoB, cnoco6Hbix k BynKaHM3aMMM no peaKui/mivi nonnKOHAeHcauuM mjim 
ruflpocwn WpOBaHMJI . 

9. CnocoS no n.8, OTJiMMaioiUMMC* Tewi, mto npoLjecc cpopwiOBaHun 
TepMonnacTMMHoro nonwwepHoro n/iaTepwa/ia ocymecTBrmiOT c ncnojib30BaHweM 
ycTpowcTBa c noKpbiTMewi, HaHeceHHbiwi no KpawHefi wiepe, Ha Macro ero noBepxHocro, 
HaxoA«u4eMcn b KOHTaicre c pacnnaBOM m coAepwamefi KaTanw3aTop ajia 
cooTBeTCTBytomefl peaKunw BynKaHM3ai4MM ajiacrowiepoB. 

10. Cnoco6 no n.9, omMMaiomMiica Tewi, mto noKpbiTMe, C0Aep>Kau4ee 
KaTanM3aTop Ana cooTBeTcreyioineM peaKUMM BynKaHH3auww anacrowiepoB, HaHocfrr b 
npouecce cpopwiOBaHMfl TepwionnacTMMHoro nonwiviepHoro wiaTepnana. 

11. Cnoco6 no n.10, oTJinMatoiAMCtcn Tewi, mto Ao6aBKM anacTOWiepoB w 
KaTanw3aTopa on* o6ecneMeHMfl mx BynKaHM3amii/i bhocjit pa3AenbHO bo BpewieHM. 

12. Cnoco6 no n.10, oT/iMMaiomi/iflica Tewi, mto Ao6aBKM KaTarm3aTopa bhocat b 
npouecce cpopwiOBaHMJi oahoto TepwionnacTMMHoro nonnwiepHoro wiaTepMana, a 
3aTewi npoM3BOAflT cpopwiOBaHne Apyroro TepwionnacroMHoro nonwiwepHoro 
wiaTepwana. 

13. Cnoco6 no n.5, oTnMMaioiAMMca Tewi, mto pacnnaB TepwionnacroMHoro 
nonwMepHoro wiaTepnaxia AonojiHMTe/ibHO coAep>KMT ao63bkm cwwBaiomMX areHTOB. 

14. Cnoco6 no n.13, oTJiMMaroiAMficfl Tewi, mto b KaMecTBe cwwBaiomMX areHTOB 
ncnorib3yK)T opraHMMecKMe nepoKCMAbi c TewinepaTypoii pasnorceHM* Bbiiue 
TeMnepaTypw cpopwioBaHM*. ho hm>ks TewinepaTypw pasnoweHM* TepwionnacrMMHoro 
nonwwiepHoro MaTepwana. 

15. Cnoco6 no n.14, oTJiMMaiomMfica Tewi, mto BynKaHM3aqMio anacrowiepoB 
ocymecTBJi«ioT nyTewi m HarpeBa ao TewinepaTypbi pa3no>KeHi/m yKa3aHHbix 
nepoKCMAOB, no KpafiHefi Mepe, b tom Mac™ cpopwiyiomero ycrpowcTBa, KOTopa* 
npwMbiKaeT k ero BbixoAy. Hanpuwiep, k BbixoAy H3 wiyHAWTyKa mjim cpMJibepw. 

16. YcTpoMCTBO Ana qbopwiOBaHMn TepwionnacroMHoro non^wiepHoro 
wiaTepMana, coAepwamee Kopnyc c npMcnocoSneHMJiMM Ana ero KpenneHM* k 
sKCTpyAepy, MOHTa>KHyio ujnMnbKy, o6oMMy, yKpenneHHyio Ha Hecymewi Kopnyce, 
wiyHAUJTyK, KonbueByio nnacrony An* ycraHOBKM wiyHAurryKa, bmhtw Ana KpenneHMn 
KO/ibueBOM nnacTMHbi m oSommw k Hecymewiy Kopnycy, OTnMMaromeeca Tewi, mto Ha 
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BHyTpeHHew noBepxHOCTM MyHAurryKa HaHeceHO noKpbiTue, KOTopoe MoweT 6biTb 
KaTaxiMTMMecKMM noKpbiTMeM, v\nvi noKpHTnewi, coAep>KamMM oKCMflbi ynymueHMH 
aflre3ww anacTowiepoB k MeTanni/mecKow noBepxHocTW, mjim ynpyrw noKpbiTMeM. 

17. YcTpoi?icTBO no n.16, oini/maiomeecfl Teivi, hto, noKpbrrwe, coAepwamee 
KaTariM3aTop, BbinonHeHO M3 pe3MHbi, anacTMMHOM npi/i TewmepaType cpopwioBaHi/ia 
noriMMepHoro wiaTepnana. 

18. CocTaB TepwionnacTUHHoro noni/iwiepHoro wiaTepwana, coAepwamww 
nonnojiecpMHbi w Ao6aBKM onacTOMepoB, OTnwHaKDmwiicfl Tewi, hto b KaMecTBe 
anacTOiwepoB wcnofib3yiOT 6jiok cononwuepbi JKecrKnx nonwwiepoB (A) c 
TewinepaTypoCi 

CTeicnoBaHMfi Bbiiue KOMHaTHOM, ho hm>k8 TewmepaTypbi cpopwioBaHWJi yKa3aHHbix 
nojiwojiecpwHOB, m M?irKMX nonwiuepoB (B) c TewinepaTypoM creKnoBaHw* hwk& 
KowiHaTHow, npi/NeM 6jiok cononMMepbi Bbi6npaK)T co crpyicrypoM JiwHefiHoro 6jiok 
cononMMepa A(BA) n , rAe n>0, i/inw (BA) m , rAe m>1 , mjim rpatpT- conojiwwiepa, KorAa k 
wwrKOMy noni/iwiepy npuBMTbi, no KpawHefi Mepe, Aaa SoKOBbix cerwieHTa wecTKt/ix 
nonnwiepoB, npw cneAyiomewi cooTHOuueHMi/i KowinoHeHTOB: 

TepMonnacTMMHbie anacTowiepbi - 0,001 - 10 Bec.% 
TepMonnacTMMHbiM nonnwiepHbiM wiaTepwan - ocranbHoe. 

19. CocTaB TepMonnacTMMHoro noni/iwiepHoro wiaTepna/ia no n.18, 
OTnuMaiomMMCfl Tewi, hto b KaMecTBe >kbctkmx nonnwiepoB npewwiymecTBeHHO 
Mcnonb3y(OT nonnMepbi m cneAyioineii rpynnbi: nojinacpupcynbcpoH, 
nojiMBMHMJinupponMAOH, nonMMeTMnMeTaKpwnaT, nojiwcTupon, jKecTKi/itfi nonwuwiMA. 
nonnypeTaH, a b KaMecTBe wmrKwx nonwiwepoB npewMymecTBeHHO wcnojib3ytoT 
nonnwiepbi 1/13 cneAyiomefi rpynnbi: nonMAMMeTMJiCMnoKcaH, 
nonnMeTMrnpeHnncunoKcaH, nojii/iTeTpacpTopaTi/meH, cpTopMpoBaHHbiw nojiw3Ti/meH 
mjim wwrKMe conojinwiepbi cpTopwpoBaHHbix nonwonecpwHOB c cooTHouieHuieM aTOMOB 
cpTopa k aTowiaM ymepoAa He iweHee 1 :2. 



WO 2005/070650 PCT/RU2004/000416 



1/12 



10' 



J? CO 



10 



CD & 

si 

'i S 1° 

I § 

r- K 



10 1 



LL1201 








— O— G" | 






G7G M =1 | 








, . r-r-m 






• G7G" | 



0,1 



10 



MacTOTa, Tl\ 



8 



ct>nr.1 



WO 2005/070650 PCT/RU2004/000416 

2/12 




0.1 1 10 40 

MacTOTa, l~L4 



Onr.2 




Onr.3 



WO 2005/070650 



4/12 



PCT/RU2004/000416 




MacTOTa, ("14 




<t>nr.5 




Oi/ir.6 



WO 2005/070650 



7712 



PCT/RU2004/000416 




MacTOTa, Ti4 

Onr.7 




0w\8 



WO 2005/070650 



9/12 



PCT/RU2004/000416 




WO 2005/070650 



PCT/RU2004/000416 



10/12 




WO 2005/070650 



PCT/RU2004/000416 



11/12 




WO 2005/070650 



PCT/RU2004/000416 



12/12 




CKOpOCTb 3KCTpy3MM, MM/ceK 

<t>w\12 



